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The research described herein, focuses on the biochemical and proteomic analysis 
of the maize endosperm and what influences kernel texture. Quality Protein Maize 
(QPM) is a hard endosperm version of the high-lysine opaque2 (o2) mutant but the genes 
involved in modifying the soft o2 endosperm are unknown. Pyrophosphate (PPi)-
dependent fructose 6-phosphate 1-phosphotransferase (PFP) catalyzes the ATP-
independent conversion of fructose 6-phosphate to fructose 1, 6-bisphosphate in 
glycolysis. We found a large increase in transcript and protein levels of the alpha 
regulatory subunit of PFP (PFPα) in QPM endosperm. In vitro enzyme assays show a 
significant increase in forward PFP activity in developing endosperm extracts of QPM 
relative to wild type and o2. Furthermore, the O2 regulated pyruvate Pi dikinase (PPDK) 
gene is reduced in expression and activity in o2. Normal vitreous endosperm in QPM 
may occur due to modulation of glycolytic flux attributable to increased enzyme activity 
at two regulatory enzymes of glycolysis, PFP and PPDK. 
Opaque endosperm is most often attributed to either quantitative or qualitative 
changes in zein accumulation. However, some opaque endosperm mutants have normal 
zein accumulation. In order to identify factors involved in vitreous endosperm formation 
or its disruption (opacity) we conducted shotgun proteomic analysis of the nearly 
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isogenic lines of six opaque endosperm mutant non-zein fractions. Our proteomic data 
indicates that there is not one specific cause of endosperm opacity apart from the non-
ubiquitous reduction of zeins. We suggest that mis-regulation of zein deposition on the 
ER membrane or improper trafficking either upon loading or unloading from the ER 
membrane causes cellular stress which could invoke opacity.  
We also created a mutagenized B73 population (MB73) as an additional method 
to identify genomic regions and ultimately, genes involved in vitreous and/or opaque 
endosperm texture as well as create variants with proteomes rebalanced towards 
improved endosperm protein quality.  
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Maize Consumption Worldwide as Food Sources for Human and Animal Nutrition 
Maize (Zea mays), originated in central Mexico somewhere between 7,000 and 10,000 
years ago and is thought to be one of the first plants cultivated by farmers (Ranum et al., 
2014). Maize is a domestic version of the wild grass progenitor, teosinte. Teosinte is 
highly branched bushy plant having approximately ten seeds per ear. Seeds of teosinte 
have abscission layers which allow for seed dispersal at maturity (Doebley et al., 1995). 
The phenotype of teosinte is drastically different from the modern maize known for its 
single stalk, multiple rachis plant with over 100 kernels per ear and is completely 
dependent on humans for propagation (Doebley et al., 1995). It is believed that Native 
Americans drove artificial selection of maize over a period of 1000 years by continually 
selecting for higher yield (Ranum et al., 2014).  
Modern maize is grown throughout the world and is one of the most important cereal 
crops. According to the United States Department of Foreign Agriculture service, the 
world production of maize was 990.64 million metric tons in 2013-2014 (Table 1.1). The 
United States is the highest producer of maize at 34% of the global total in 2013 followed 
by China (22%) and Brazil (8%). Preliminary values for 2013-2014 show yield for the 
United States to reach over ten metric tons per hectare, significantly different from the 
second largest producer, China, at 5.82 metric tons per hectare. China compensates for 
lower yield by having the largest area devoted to maize production.  
For the last thirty years, the majority of maize in the U.S. supports animal nutrition 
followed by human consumption then ethanol production (USDA, 2015). But within the 
last ten years, ethanol demand has significantly increased. It was estimated in 2013 that 
43.6% of corn was used for ethanol, 43.6% for animal feed with the remaining 12.7% 
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being used for human consumption, industrial uses and seed in the U.S. (USDA, 2015). 
This indicates that in the U.S., maize is not a staple crop as a direct human food source 
and with an average consumption of less than 50 grams/person/day (FAO, 2014). 
Conversely, Mexico and regions of Africa consume over 250 grams/person/day, nearly 
six times more than the average U.S. resident (FAO, 2014).  
In early 2014, it was estimated that 843 million people worldwide suffer with hunger and 
one billion with malnutrition or diet deficiencies (FAO, 2013). The majority of these 
people live in low income countries like sub-Saharan Africa and South Asia where maize 
is a staple food crop (Muthayya et al., 2013).   The quantity and quality of protein 
ingested are both critical components in meeting the recommendations of an adequate 
diet. 
Maize provides essential minerals, multiple B vitamins, and is a good fiber source but is 
lacking in vitamin C, vitamin B12, calcium, folate, and iron (Ranum et al., 2014). Maize 
supplies an energy density of 365 Kcal/100g which is comparable to other cereal grains 
but has lower protein content (Nuss and Tanumihardjo, 2010). In addition to lower 
protein content maize is not a complete protein source and lacking two essential amino 
acids, tryptophan and lysine. In order have a complete diet, humans and animals must 
consume protein sources which are complementary. For example, cereal grains and 
legumes are a complete protein source when mixed together and are routinely used in 
grain rations for animal nutrition and human consumption (Grillenberger et al., 2003).   
Maize biofortification through either conventional plant breeding or genetic engineering 
has the potential to make a significant impact on human nutrition in developing countries 
without changing traditional food habits. Biofortification strategies targeting protein 
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quality and quantity of the maize kernel has the highest potential impact on malnutrition 
and diet deficiencies. 
Early Development of Maize Embryo and Endosperm Tissue 
A double fertilization event creates a diploid embryo and a triploid endosperm (Radchuk 
et al., 2011, Sun et al., 2010). The endosperm further differentiates into transfer cells, 
aleurone cells, embryo surrounding region and starch endosperm (Sabelli and Larkins, 
2009). Programmed cell death, dormancy and desiccation marks the end of endosperm 
development with full maturation (Sabelli and Larkins, 2009). The mature maize kernel 
consists primarily of endosperm tissue (85%) followed by embryo (10%) and the pericarp 
(5%) (Figure 1.1). The main storage tissues are the aleurone and central starchy 
endosperm (composed of vitreous outer region and chalky central region) (Zheng and 
Wang, 2014).  
The aleurone cells accumulate mostly lipids and store proteins inside aleurone granules 
(Xiong et al., 2013, Brouns et al., 2012, Reyes et al., 2011). The majority of proteins in 
the aleurone layer are non-zein 7S globulin proteins which are saline soluble. The central 
starchy endosperm accumulates protein bodies (10%) and starch granules (90%). In rice 
and oats, the majority of the central starch endosperm store 11-12S globulins, whereas 
other cereals have primarily prolamins or zein proteins (Shewry and Halford, 2002). 
Protein Body Maturation and its Impacts on Kernel Texture during later 
endosperm development 
When the maize endosperm develops, storage prolamin (zein) proteins are synthesized by 
polyribosomes which are physically bound to the endoplasmic reticulum (ER) (Lending 
and Larkins, 1989). Zeins are classified into four categories based upon sequence and 
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structure as: α- , β-, γ- and δ-zeins (Coleman and Larkins, 1999). When zeins are 
synthesized they form accretions in the ER called protein bodies. Interestingly, zeins do 
not contain ER retention signals and accumulation is due to protein-protein interactions 
and disulfide bridge formation through chaperone assistance (Kim et al., 2002, Reyes et 
al., 2011). ER protein bodies first appear as small, γ- and β-zein rich accretions (Figure 
1.2, left), and as the protein body matures, α-and δ-zein penetrate to the middle with a 
distinct γ-zein periphery. Mature protein bodies have a α- and δ-zein core surrounded by 
a layer of γ-and β-zeins. It is also known that the 27-kDa γ-zein initiate and target 
specific protein body formations in the ER and 16-kDa γ-zein and 15-kDa β-zein are 
essential for proper α-zein localization (Kim et al., 2002). Zein accumulation must 
accumulate in an appropriate stoichiometric ratio for protein bodies to form and function 
properly (Guo et al., 2013). For example, decrease of the 19- and 22-kDa α-zein will 
form very small protein bodies but are regularly shaped. If only the 22-kDa α-zein is 
decreased protein bodies will be abnormally shaped resulting in expanded central chalky 
endosperm region (Guo et al., 2013). Interestingly, reduction of all zeins has no effect on 
size or shape of the protein bodies but only reduces their number (Guo et al., 2013). If 
proper zein accumulation and protein body formation occurs, a vitreous or hard 
endosperm phenotype results. The vitreous endosperm is very important for agronomic 
purposes, such as, protection from biotic stresses. However, the kernel also consists of a 
central chalky region where there is considerably less zein protein bodies compared to 
starch grains. 
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Endosperm Development in Maize Opaque Mutants 
Some maize mutants have an extended central chalky region which extends through what 
is normally the vitreous part of the starchy endosperm up to the aleurone layer of the 
endosperm. Recessive or dominant mutants of this type are called opaque or floury 
respectively. One of the most-well characterized opaque endosperm mutants is opaque2 
(o2). O2 encodes a bZIP transcription factor which regulates many genes including most, 
but not all alpha-zeins (Figure 1.3A) (Schmidt et al., 1990). O2 also positively regulates 
the cytosolic pyruvate Pi dikinase-1 which may influence the starch to protein balance 
during endosperm development (Maddaloni et al., 1996, Manicacci et al., 2009). The o2 
mutant is also classically identified as having an almost two-fold increase in the essential 
amino acids, lysine and tryptophan due to proteome rebalancing (Schmidt et al., 1990). 
Instead of increasing oil or starch for the decrease of zein protein, o2 increases the non-
zein fraction to keep protein levels relatively similar to a normal vitreous kernel (Figure 
1.3A). Since zein proteins have no lysine or tryptophan residues, the quantitative increase 
in the non-zein proteins, some of which are lysine-rich, is responsible for the protein 
quality improvement (Figure 1.3B). However, an opaque endosperm generally results in 
poor agronomic qualities such as: reduced yield, susceptibility to insect and fungal pests, 
and reduced kernel hardness which impacts harvest, storage and industrial processing 
(Gibbon and Larkins, 2005). 
In addition to o2, many other opaque endosperm mutants have been characterized and 
these are listed in Table 1.2. Most of the opaque mutants have qualitative or quantitative 
changes in zein accumulation. For example, floury2 (fl2), Mucronate (Mc) and Defective 
endosperm*B30 (DeB30) are dominantly acting mutations in zein genes themselves 
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which result in the accumulation of defective 22-kDa α-zein, 16-kDa γ-zein and 19kDa α-
zein species, respectively (Coleman et al., 1997, Kim et al., 2006, Kim et al., 2003). In 
the case of fl2 and DeB30, a point mutation results in un-cleaved signal peptides which 
inappropriately anchors the dominant negatively acting zein polypeptide to the ER 
membrane preventing movement into the ER lumen (Coleman et al., 1997, Kim et al., 
2003). The resulting abnormal 24-kDa α-zein in fl2 can be visualized on a standard SDS-
PAGE gel whereas the uncleaved 19-kDa α-zein in DeB30 is only detectable by western 
blotting. Mc has a 38-bp deletion resulting in nonsense, frameshift mutation (Kim et al., 
2006). This results in 63 abnormal amino acids on the C-terminal end of the protein and 
reduces the 16-kDa gamma interaction with the 22-kDa alpha zeins (Kim et al., 2006). 
DeB30, fl2 and Mc result in increased expression of genes associated with an unfolded 
protein response (UPR) most likely due to the misshapen protein bodies and a 
disorganized ER lumen (Zhang and Boston 1992, Shank et al., 2001). This group also 
demonstrates proteome rebalancing and lysine increase though to a lesser extent than o2. 
Opaque endosperm mutants that show little quantitative or qualitative differences in zein 
protein accumulation include floury1 (fl1) and opaque1 (o1). FL1 encodes an ER 
membrane protein which is necessary for correct alpha zein placement within the protein 
body core (Holding et al., 2007). O1 encodes a myosin XI protein which affects ER 
morphology and trafficking (Wang et al., 2012). 
Using all the aforementioned opaque endosperm mutants we have characterized their 
non-zein proteome to identify factors involved in vitreous and opaque endosperm 
formation. These results are discussed in chapter three. 
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Modified opaque2; Quality Protein Maize 
Even though o2 had great promise to reduce malnutrition in the developing world, it was 
not a commercial success due to the soft endosperm phenotype. Therefore, conventional 
breeding projects began in the early 1980’s in Mexico (Vasal et al., 1980) and in South 
Africa (Geevers and Lake, 1992), to the develop a hard kernel or vitreous o2 varieties 
that retained the high-levels of lysine and tryptophan (Ortega and Bates 1983; Paez et al., 
1969). These varieties, named Quality Protein Maize (QPM), have been crossed into 
many high-yielding maize inbreds and hybrids adapted to diverse growing conditions and 
are directly impacting reducing protein deficiency disorders in humans and more efficient 
feeding of livestock. The vitreous endosperm formation in QPM is quite different from 
the normal vitreous wild-type (Figure 1.4). In wild-type there is an outer vitreous and 
inner opaque region. The opaque region has a decrease in the number and size of protein 
bodies compared to the vitreous region. However, QPM or modified o2, increases the 
amount of protein bodies in its vitreous region but compared to wild-type the size of the 
protein bodies is much smaller. Despite the potential of QPM, it remains largely 
unutilized in the U.S.  opaque2 modifier genes (QPM genes) and the mechanisms by 
which they convert soft o2 to a vitreous phenotype are largely unknown, besides the 
essential 27-kDa γ-zein (Wu et al., 2010, Yuan et al., 2014). The complicated genetic 
basis of QPM, as well as the need to continuously select for the homozygous recessive 
mutant o2 allele, has impeded breeding efforts and its incorporation into agriculture in the 
U.S. and worldwide.  
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Exploiting Endosperm Kernel Texture for Value-Added Characteristics 
Protein quality improvement in maize has been studied in naturally occurring opaque 
endosperm mutants. However, there are also mutagenesis techniques using either 
chemical mutagen or ionizing radiation which can cause mutations to arise helping to 
increase genetic diversity. The maize kernel can also be manipulated using transgenic 
techniques such as particle bombardment (Torrent et al., 1997, Gruis et al., 2006) or 
mediated by Agrobacterium tumefaciens (Mohanty et al., 2009). 
Chemical mutagens such as ethyl methanesulfonate (EMS) do not require specialized 
equipment and provide and easy way to create a high mutation frequency. EMS tends to 
cause single base pair changes and rarely cause deletions or translocations. EMS works 
by selectively alkylating guanine bases which causes DNA polymerase to place a 
thymine residue instead of the typical cytosine. The majority of base pair changes take a 
G-C to an A-T (Till et al., 2004, Till et al., 2007). Typically EMS induces silent, 
missense or nonsense and creates knock-down mutations.  
Radiation mutation techniques can create knock-out or null alleles (Sato et al., 2006). 
Gamma-ray bombardment can cause point mutations, small physical deletions, inversions 
and retrotranspositions. However, the mutation rate is much lower for gamma-irradiation 
compared to EMS (Wu et al., 2005). The goal in mutagenesis breeding is to cause 
maximal variation while avoiding dramatic loss of plant viability. Low and moderate 
doses of radiation can cause mutations resulting in normal plant productivity (Dumanovc 
et al., 1969).  
Deletion mutagenesis in maize has great potential for the investigation of endosperm 
maturation and seed development to create more nutritious seed or improved kernel 
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texture. In a pilot study, our lab created a population of gamma-irradiated QPM seed for 
the identification of o2 modifier genes (Yuan et al., 2014). Using a beginning population 
of only 2000 seed by the M3 generation eight lines demonstrated a vegetative phenotype, 
three lines were chlorotic or albino and 27 lines were segregating for opaque kernels. 
Conversely, only 10 of the 27 opaque candidate lines were viable (Yuan et al., 2014). In 
order to detect the deletions in each mutant a variety of techniques were used such as 
exon-seq, RNA-seq and Bulked Segregant Analysis (BSA) mapping. The most notable 
mutant arising from this population was the 50- and 27-kDa γ-zein null mutant (line 107) 
(Yuan et al., 2014). This mutant confirmed that γ-zein is essential for endosperm 
modification of the o2 phenotype. Now a much larger mutagenesis population has been 
generated in the B73 reference genome and will be discussed in detail in chapter four. 
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CHAPTER 1 MULTIMEDIA OBJECTS: 
 
Figure 1.1. Mature maize kernel composition. Mature maize kernels consist of three 
distinct components: endosperm, embryo and pericarp as highlighted by arrows on 
longitudinal kernel section. The maize kernel is approximately 90% starch and 10% 
protein. Of the 10% protein there are two major classes based on solubility. Alcohol 
soluble proteins are termed prolamins or zein while water-soluble or aqueous proteins are 
termed non-zein. Zeins are composed of alpha, beta, gamma and delta and non-zeins are 
classified as albumin, globulin, and glutelins. 
 
Figure 1.2. ER protein body formation in maize kernels. ER protein bodies first 
appear as small, γ- and β-zein rich accretions (left), and as the protein body matures, α-
and δ-zein penetrate to the middle with a distinct γ-zein periphery. Mature protein bodies 
have an α- and δ-zein core surrounded by a layer of γ-and β-zeins (right). Adapted from 
Lending and Larkins, 1989. 
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Figure 1.3. Proteome rebalancing in opaque2 increases whole kernel lysine and 
tryptophan content. (A) SDS-PAGE coomassie stained gel of W64a wild-type and 
W64a o2 zein and non-zein fractions. (B) Whole kernel lysine and tryptophan content 
measured on a weight by weight basis from Yuan et al. 2014. 
 
Figure 1.4. Numerous, small gamma-zein-rich protein bodies create a different type 
of vitreous endosperm in QPM. White spheres indicated starch grains and smaller grey 
spheres show relative size and distribution of protein bodies. Opaque endosperm texture 
correlates with smaller size and lower proportioned protein bodies to starch grains. QPM 
or modified opaque endosperm kernels have increased protein body number due to an 
increase in 27 kDa γ-zein. 
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Table 1.1. Global maize production (2013-2014) and forecasted values reported by 
the USDA foreign agricultural service. 
  Area (Million hectares) 
Yield (Metric tons per 
hectare) 
Production (Million metric 
tons) 
  2013/2014 
*Prel. 
2014/15 2013/2014 
*Prel. 
2014/15 2013/2014 
*Prel. 
2014/15 
Global 181.44 177.77 5.46 5.6 990.64 996.12 
United States 35.39 33.64 9.93 10.73 351.27 361.09 
Total Foreign 146.05 144.13 4.38 4.41 639.36 635.03 
    Area (Million hectares) Yield (Metric tons per hectare) 
Production (Million metric 
tons) 
Foreign 
Region 
Foreign 
Country 2013/2014 
*Prel. 
2014/15 2013/2014 
*Prel. 
2014/15 2013/2014 
*Prel. 
2014/15 
China 36.32 37.07 6.02 5.82 218.49 215.67 
South 
America 
Brazil 15.8 15 5.06 5.2 80 78 
Argentina 3.4 2.95 7.65 8.31 26 24.5 
Bolivia 0.32 0.32 2.3 2.3 0.73 0.73 
 
European 
Union 9.66 9.51 6.69 7.74 64.66 73.67 
Africa 
South Africa 3.1 3.1 4.84 3.65 14.98 11.3 
Nigeria 4.25 4.15 1.81 1.81 7.7 7.52 
Ethiopia 2.68 2.4 2.78 2.71 7.45 6.5 
Egypt 0.71 0.75 8.12 8 5.8 5.96 
Tanzania 4.12 4 1.3 1.25 5.36 5 
Malawi 1.68 1.75 2.17 2.25 3.64 3.93 
Zambia 1 1.21 2.57 2.8 2.57 3.38 
Kenya 1.8 1.65 1.56 1.61 2.8 2.65 
Uganda 1 1 2.75 2.75 2.75 2.75 
Zimbabwe 0.9 1.3 0.89 1 0.8 1.3 
Former 
Soviet Union 
Ukraine 4.83 4.63 6.4 6.15 30.9 28.45 
Russia 2.32 2.6 5.01 4.36 11.64 11.33 
South Asia 
India 9.43 9.3 2.57 2.42 24.26 22.5 
Pakistan 1.14 1.14 4.38 4.38 4.99 4.99 
Nepal 0.91 0.91 2.52 2.54 2.28 2.3 
Southeast 
Asia 
Indonesia 3.12 3.14 2.92 2.99 9.1 9.4 
Philippines 2.58 2.64 2.91 3.02 7.53 7.98 
Vietnam 1.18 1.25 4.4 4.5 5.19 5.63 
Thailand 1.12 1.1 4.38 4.41 4.9 4.85 
  Mexico 7.05 7.15 3.24 3.36 22.88 24 
  Canada 1.48 1.23 9.59 9.35 14.19 11.5 
  Turkey 0.58 0.55 8.79 8.73 5.1 4.8 
  Others 23.58 22.35 2.23 2.44 52.69 54.45 
*Prel. indicates preliminary value or estimation for 2014-2015 
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Table 1.2. Classifications of additional opaque endosperm mutants. 
Opaque 
Mutant 
Mode of 
Inheritance 
Zein Protein Body 
Effect 
Molecular 
 Identity of 
Mutation 
Literature 
Reference 
opaque1 
(o1) Recessive 
No zein reduction, 
Smaller, more PB Deficient myosin XI Wang et al., 2012 
opaque2 
(o2) Recessive 
22kDa elimination and 
19kDa reduction 
Loss of a bZIP 
transcription factor 
(pleiotropic; 
includes 22kDa α-
zein) 
Mertz et al., 1964; 
Schmidt et al., 1990 
floury1 
(fl1) 
Semi-
dominant 
No zein reduction or 
change in PB, mis-
localization of 22kDa 
α-zein 
Deficient protein 
body ER-
membrane protein  
Holding et al., 2007 
floury2 
(fl2) 
Semi-
dominant 
General reduction, 
Smaller, misshapen 
PB 
Uncleaved 
 22kDa α-zein 
Gillikin et al., 1997; 
Coleman et al., 1997 
Defective 
endosperm*B30 
(DeB30) 
Dominant General reduction, Misshapen PB 
Uncleaved 
 19kDa α-zein Kim et al., 2004 
Mucronate  
(Mc) Dominant 
General reduction, 
Misshapen PB 
Frameshift, 
Nonsense 
16kDa ?-zein 
Soave and  
Salamini, 1984; 
Kim et al., 2006 
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INVESTIGATION OF THE ROLE OF PYROPHOSPHATE-DEPENDENT 
GLYCOLYTIC ENZYMES IN MAIZE ENDOSPERM 
 (EXTENSION OF SECOND AUTHOR PAPER GUO ET AL., 2012) 
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ABSTRACT 
Quality Protein Maize (QPM) is a hard endosperm version of the high-lysine opaque2 
(o2) mutant but apart from the 27 kDa γ-zein, the genes involved in modification of the 
soft o2 endosperm are unknown. Pyrophosphate dependent fructose 6-phosphate 1-
phosphotransferase (PFP) catalyzes the ATP-independent conversion of fructose 6-
phosphate to fructose 1, 6-bisphosphate in glycolysis. We found a large increase in 
transcript and protein levels of the alpha regulatory subunit of PFP (PFPα) in QPM 
endosperm and the gene encoding PFPα maps close to a QTL for endosperm 
modification in QPM. In vitro enzyme assays showed a significant increase in forward 
PFP activity in developing endosperm extracts of QPM relative to wild type and o2. A 
separate, intronless and expressed version of PFPα was identified and was concluded to 
be the result of a reverse transcription and reinsertion event and was termed the PFPα 
retrogene. This retrogene is of unknown function and its transcript was not up-regulated 
in QPM. The elevated expression level of a number of ATP-requiring heat shock proteins 
(Hsps) in o2 endosperm are often returned to normal QPM. PFPα is also co-induced with 
Hsps in maize roots in response to heat, cold and UPR stresses. We propose that reduced 
ATP availability resulting from the generalized Hsp response as well as from reduction of 
pyruvate Pi dikinase (PPDK) activity in o2 endosperm is compensated by increased PFP 
activity in QPM. Transgenic over-expression of PFPα and cyPPDK2 indicate possible 
enzymatic co-regulation of glycolysis in vitro flux and may impact kernel hardness. 
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INTRODUCTION  
The zein storage proteins, which account for 70% of maize endosperm protein, are 
devoid of lysine and tryptophan which are essential amino acids in the diets of humans 
and monogastric livestock. As a result, the overall protein quality of maize grain is sub-
optimal. However, many studies have shown that high-level zein accumulation in ER 
localized protein bodies normally plays a central role in vitreous endosperm formation as 
reviewed by Holding and Larkins (2006; 2009). The maize opaque2 (o2) mutant has 
double the wild type levels of lysine and tryptophan (Mertz et al., 1964) since it 
accumulates low levels of zein proteins and high levels of non-zein proteins that impart a 
good balance of all essential amino acids. However, o2 was not commercially successful 
due to the poor agronomic properties associated with its soft, opaque endosperm. 
Subsequently, breeding projects in Mexico (Vasal et al., 1980) and in South Africa 
(Geevers and Lake, 1992), led to the development of hard kernel o2 varieties that retained 
the high-levels of lysine and tryptophan (Ortega and Bates, 1983; Paez et al., 1969). 
These varieties, known as Quality Protein Maize (QPM), have been introgressed into 
many high-yielding maize inbreds and hybrids adapted to diverse growing conditions and 
are contributing to reducing protein deficiency disorders in humans and more efficient 
feeding of livestock. Despite the potential of QPM, it remains largely unutilized in the 
U.S.  Opaque2 modifier genes (QPM genes) and the mechanisms by which they convert 
soft o2 to a vitreous phenotype are unknown and mapping efforts have indicated that they 
are multiple in number (Holding et al., 2008; Holding et al., 2011). The complicated 
genetic basis of QPM, as well as the need to continuously select for the homozygous 
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mutant o2 allele, has impeded breeding efforts and its incorporation into agriculture in the 
U.S. and worldwide.  
QPM has low levels of α-zeins like o2 but several studies have shown that the 27-kDa γ-
zein is increased two- to three-fold (Geetha et al., 1991; Holding et al., 2011; Lopes and 
Larkins, 1991; Wallace et al., 1990), and the degree of endosperm vitreousness closely 
correlates with the level of 27-kDa γ-zein protein (Lopes and Larkins, 1991; Yuan et al. 
2013). Furthermore, the 27-kDa γ-zein gene maps to a major chromosome 7 QTL for 
endosperm hardness in QPM (Holding et al., 2008; Holding et al., 2011) and it was 
shown that γ-zein is essential for endosperm modification in QPM (Wu et al., 2010). 
Since the 27-kDa γ-zein is thought to initiate protein body formation, it has been 
suggested that this increase causes the observed elevation in protein body number in 
QPM (Lopes and Larkins, 1995; Moro et al., 1995) which in turn increases protein cross-
linking and restores kernel hardness. 
Mapping and transcriptional profiling have identified at least three QPM QTLs on 
chromosomes 1, 7 and 9 and a number of candidate genes for these QTLs (Holding et al., 
2008; Holding et al., 2011). A gene encoding the regulatory α-subunit of pyrophosphate 
dependent fructose 6-phosphate 1-phosphotransferase (PFPα) which maps close to the 
chromosome 9 QTL, was identified in a microarray experiment as having a five-fold 
increased expression in endosperm of modified over non-modified o2 (Holding et al., 
2008). Real-time qRT-PCR showed a 16-fold increase in PFPα in QPM over wild type 
and furthermore, that expression in o2 endosperm was substantially reduced compared to 
wild type (Holding et al., 2011). Recombinant inbred lines (RILs) resulting from a cross 
between W64Ao2 and K0326Y, a QPM inbred developed in South Africa (Geevers and 
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Lake, 1992), showed that high PFP expression often coincided with endosperm 
modification whereas non-modified, opaque endosperm RILs exhibited low-level 
expression like the o2 parent (Holding et al., 2011). However, since we showed that at 
least partial modification is possible in the presence of low, o2-like PFPα expression 
(Holding et al., 2011), it’s high level expression may not be absolutely required in QPM. 
In 2012, our lab described work that characterized the physiological significance of the 
increase in PFPα in the context of increased glycolytic flux which may play a role in 
amelioration of the o2 phenotype in QPM endosperm (Guo et al. 2012) and recently 
extended this research through usage recombinant proteins and transgenic overexpression 
lines.  
The PFP enzyme complex serves as an alternative, non-ATP requiring enzyme to ATP-
dependent phosphofructokinase for catalyzing a major rate-limiting step in glycolysis 
(fructose-6-phosphate to fructose-1, 6-bisphosphate; Figure 2.1) and is located 
exclusively in the cytosol. The PFP holoenzyme exists as a heterotetramer consisting of 
two catalytic ?-subunits and two regulatory α-subunits but a variety of other 
configurations have been reported (Botha and Botha, 1991; Wong et al., 1990) and the α-
subunit only accumulates during stressful conditions such as phosphate starvation (Huang 
et al., 2008; Theodorou et al., 1992). Evidence suggests that PPi can serve an alternative 
phosphate donor to ATP in plant cells (Davies et al., 1993; Jelitto et al., 1992; Plaxton 
and Podesta, 2006) although this role is not universally accepted. Work with anoxia 
tolerant rice lines suggested that cellular survival under ATP-deficient, stressed 
conditions is linked to a switch in energy currency from ATP to PPi manifest by 
increased activity of PPi dependent glycolytic enzymes including PFP and pyruvate Pi 
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dikinase (PPDK; Figure 2.1) (Huang et al., 2008). Interestingly, the inner  maize 
endosperm environment was shown to be anoxic and ATP limiting (Rolletschek et al., 
2005). This may indicate that PPi dependent glycolysis is important during normal 
endosperm development. Cytosolic PPDK (cyPPDK1; cyppdkZm1) is positively 
regulated by the O2 transcription factor (Figure 2.1) (Damerval and Le Guilloux, 1998) 
and is thus down-regulated in o2 mutants. This could have a negative effect on 
endosperm glycolysis in o2 endosperm. However, there is also an additional cytosolic 
PPDK (cyPPDK2) which is not as highly expressed in leaf and endosperm tissue as 
cyPPDK1 and is not regulated by O2 (Sheen, 1991). Testament to the importance of 
PPDK during late stage kernel filling, when the central endosperm is increasingly 
anaerobic (Rolletschek et al., 2005), is the massive increase in PPDK abundance (Mechin 
et al., 2007). This raises the possibility that, in addition to defective zein protein body 
formation, the opaque phenotype results in part from an energy deficiency within the 
developing endosperm. If normal endosperm development relies on PPi dependent 
metabolism, disruption of PPi dependent enzymes could interfere with the timely and 
regular progression of endosperm programmed cell death, which in turn could contribute 
to the opaque phenotype.  
Many enzymes that use PPi, including PFP, PPDK, sucrose synthase, and UDP-glucose 
pyrophosphorylase are induced or up-regulated in response to inorganic phosphate (Pi) 
deficiency and other ATP depleting conditions (Plaxton and Podesta, 2006). Most 
evidence suggests that PFP functions as an adaptive enzyme that enables plants to survive 
Pi stress by conserving and supplementing ATP reserves (Plaxton and Podesta, 2006). 
ATP, ADP and other nucleoside phosphates levels quickly fall in response to limiting 
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cytoplasmic phosphate  whereas PPi is largely unaffected (Plaxton and Podesta, 2006). 
Here, we describe evidence to suggest that cellular stresses in the o2 endosperm that 
could create an energy crisis which may be alleviated in QPM through ATP-independent 
PFP activity.  
METHODS 
Cloning and sequencing PFPα and cyPPDK2 genes 
PFP cDNAs containing 1869 bp and 1764 bp ORFs and cyPPDK2 containing 2667 bp 
ORFs were PCR amplified using primers at the extremities of each mRNA. PFPα mRNA 
was previously identified as being highly expressed in K0236Y QPM (Holding et al., 
2008; Holding et al., 2011). The forward and reverse primers were PFP-F1: 
CAGAGGCTTAGGCTGGGAGTGAT and PFP-R: TCAGATGGTCGCCTGTCCACTA 
and high fidelity Phusion polymerase (New England Biolabs, Inc.) was used. The 
forward and reverse primers for cyPPDK2 were 
cyPPDK2_3UTR:TGTTTGCTTTGCTTTGCCGT and cyPPDK2_Sec1R: 
TCTCCGCCCTCACCAGAATA for the 3` end to the middle of the gene and with 267 
bp overlap with the primer pair cyPPDK Sec3 F: GTGCAGGACAGGGAAACGTA and 
cyPPDK2 Sec3 R: GCCTCAACAACGACATGCAC.  For all sequencing of cDNA and 
genomic DNA, triplicate PCR reactions were cloned into pJET1.2 vector (Fermentas) and 
sequenced at the Operon sequencing facility. Since genomic sequence for these genes 
was poorly assembled we designed a series of primers for amplification, sequencing and 
assembly of genomic DNA. Using PFP-F1 (CAGAGGCTTAGGCTGGGAGTGAT) and 
PFP-R2 (ACAAGAGCGTCCAACTTCAATGC), only a single product of about 600 bp 
was obtained which was exactly the same sequence as the cDNA (lacking introns). PFP-
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F2 (GCTCACGTTATCAGCCACGCCTTCC) with PFP-RT-R1 
(TTACTGGACTCTTAAGGTTGGTCA) and PFP-RT-F1 
(GTTGAGACCGAAATGGACAAAC) with PFP-R 
(TCAGATGGTCGCCTGTCCACTA) both amplified two bands. The sequence of one of 
these products was again, identical to the cDNA sequence while the other product 
contained many introns and a 105bp exon which was absent in the intron-less gene. We 
were thus able to completely span the coding sequence of the shorter, PFPα retrogene 
using two overlapping PCR amplicons. The absence of a genomic PCR product from 
PFP-F1 and PFP-R2 suggested the presence of long introns in the 5’ end of the longer 
PFP gene. The sequence of the first intron was obtained using primer pairs PFP-63-F 
(GCTGTCGCCGCTGCAGAAG) and PFP-intron1-R 
(GATCGGTTCGACTGAAGTGCTTG) and PFP-intron1-F: 
CAAGCACTTCAGTCGAACCGATC with PFP-215-R 
(CGTTGGCTGTCTTCGTGAGAAAGT). Part of the very large second intron was 
obtained through the pair primers of PFP-215-F 
(ACTTTCTCACGAAGACAGCCAACG) with PFP-intron2-R 
(CCGTCGGCTATATTCGTCGGTAA) and PFP-intron2-F 
(TCATGGGGTGTGTGCTCAAAAGT) with PFP287-R 
(GGATTGCCTCCCACTGAAGACA). The middle part was inferred through the Maize 
Genomic Database.   
Nucleic acid Extraction and RT-PCR 
Genomic DNA for PCR was extracted and diluted from whole frozen developing kernels 
(Holding et al., 2008). Total RNA extraction from 18 DAP endosperm and embryo 
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tissues, DNAse treatment, cDNA synthesis and amplification were all performed as 
previously described (Holding et al., 2008; Holding et al., 2011). For qRT-PCR, primers 
entirely within the 105 bp region (not present in the retrogene) (PFP-105RT-F; 
GGAAGGCACTTATAATGGAAAGAAG and PFP-105RT-R; 
CGTAGCCATAATCGCAATCAA) and primers common to both PFPα and PFPα 
retrogene (PFP-RT-F2; GATCAGGATTACATGGGAAGAATC and PFP-RT-R2; 
GTCCACTAAATGAAAGGGAAGACA) were used. Total RNA from 20DAP 
endosperm and embryo tissue was used for cyPPDK1 and cyPPDK2 qRT-PCR. 
cyPPDK1 primer pair: 5’-CTGTGGGGATTCTTACAGAGAGG and 
5’AATGGGTCGACTGGTGAGGT. cyPPDK2 primer pair: 5’-
GATCGACCGGCCAAGTAATC and 5’-TGGATCGCCTTCTGCCTTAC. Relative 
expression compared to wild type using RBR1 as an internal control gene, three 
biological replicates and three technical replicates were determined as previously 
described (Holding et al., 2011). 
Immunoblot Analysis 
Proteins were extracted from frozen 18-DAP endosperm and embryo tissues as well as 
leaf and root tissue using protein lysis buffer (10% [v/v] glycerol, 50 mM Tris, pH 8, 50 
mM NaCl, 5 mM MgCl2, 0.1% [v/v] Nonidet P-40, 2 mM DTT, and 1 mM 
phenylmethylsulfonyl fluoride) and stored at –80°C. Ten- to 20-mg protein samples were 
loaded on 12.5% SDS-PAGE gels, run using the Miniprotean system (Bio-Rad), and 
blotted onto nitrocellulose using the Minitransblot system (Bio-Rad) according to 
standard protocols. Blots were blocked in TBST (20mM Tris-HCl, pH7.5, 150mM NaCl, 
and 0.05% [v/v] Tween 20) with 3% milk for 30min to 1 h at room temperature.Affinity-
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purified PFPα and PFPβ peptide antibodies were acquired from GenScript and used at 
1:4,000 dilution in TBST with 3% (w/v) milk for 2 h at room temperature. cyPPDK1 
purified peptide antibody (gift from Madhavan Soundararajan; UNL) was used at 
1:50,000 diluting in TBST with 3% (w/v) milk for 2 h at room temperature. After 
extensive washes in TBST, secondary antibody (goat anti-rabbit IgG conjugated to 
horseradish peroxidase [Pierce]) was applied at 1:10,000 dilution in TBST with 3% (w/v) 
milk for 2 h at room temperature. After extensive washes in TBST, secondary antibody 
was detected with the Super Signal West Pico chemiluminescent substrate kit (Pierce) 
according to the manufacturer’s instructions. 
Enzyme Assays 
Whole kernels from ears which were plunge frozen in liquid nitrogen at 20DAP were 
used. Fresh weight measurement was taken before homogenizing endosperms to a fine 
powder. For the PPDK assay, protein extraction buffer (1 mL) was added containing 50 
mM Tris (pH 8.0), 5% (v/v) glycerol, 50 mM NaCl, 5 mM MgCl2, 0.1% (v/v) Nonidet P-
40, 1mM phenylmethylsulfonyl fluoride, 0.5mM DTT, and protein inhibitor cocktail. 
Samples were then incubated at 4°C for 30 min on a rotating wheel at 10 rpm. Extracts 
were clarified by centrifugation at 4°C at 16,000g for 15 min. All extracts were kept at 
4°C during analysis and stored at -80°C if needed for further assays. PPDK was also 
assayed in the forward direction (pyruvate formation) according to an established method 
(Andrews and Hatch, 1969). Activity was determined by measuring pyruvate production 
in the presence of lactate dehydrogenase. Assay buffer consisted of 50 mM Tris-HCl 
buffer (pH 8.3), 6 mM MgSO4, 10mM DTT, 0.15 mM NADH, 1 mM PEP, and 1 mM 
AMP with the addition of 6 units of lactate dehydrogenase and 1 mM PPi to stimulate 
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activity in a 1-mL total volume. PPDK was assayed in the reverse direction (PEP 
formation) using an established method (Wang et al., 2008). PPDK activity was 
measured by a coupling reaction of NADH oxidation through PEP carboxylase and 
malate dehydrogenase. The assay buffer consisted of 100 mM HEPES-NaOH (pH 8.0), 
15 mM MgCl2, 0.15mM EDTA, 5 mM NaHCO3, 0.3 mM NADH, 5mM NH4Cl, 2.5mM 
K2HPO4, 5mM DTT, 1mM Glc-6-P, 1.5mM ATP, and 10.5 units of malate 
dehydrogenase. The reaction was initiated by the addition of pyruvate to 1.25 mM final 
concentration and 3 units of purified maize PEP carboxylase (Bio-Research Products). 
The rate of activity was measured at 340 nm and 30°C for all enzymatic assays. 
For the PFP assays, frozen ground endosperm tissue was mixed and incubated with the 
same protein lysis buffer as for the PPDK assays. PFP was assayed in the forward and 
reverse directions essentially as described previously (Theodorou et al., 1992). Forward 
PFP activity was assayed by following the oxidation of NADH in 50 mM Tris-HC1 (pH 
7.5) containing 5 mM Fru-6-P, 0.4 mM PPi, 0.15 mM NADH, 5 mM MgCl2, 1 unit of 
aldolase, 10 units of triosephosphate isomerase, and 1 unit of glycerol-3-phosphate 
dehydrogenase. 
Assays were initiated by the addition of PPi, and PFP activity was monitored for 
approximately 3 min. Fru-2,6-bisP (2 mM) was then added to stimulate PFP activity and 
monitored for approximately 4 min. Reverse PFP activity was assayed following the 
reduction of NADP+ in the following assay buffer: 50 mM Tris-HCl (pH 7.5), 5 mM 
MgCl2, 0.5 mM Fru-1,6-bisP, and 1 mM NADP. Assays were initiated by the addition of 
the extract, NaPi (5 mM; pH 7.5), 2 units of phosphoglucose isomerase, and 1 unit of 
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Glc-6-P dehydrogenase and monitored for approximately 4 min. All PFP activity was 
assayed at 25°C in a 1.0-mL final volume. 
PFPα Native and Retrogene GST-Fusion Recombinant Protein Development 
Two GST fusion proteins containing either the native PFPα or retrogene sequences were 
amplified using primers described in PFPα cloning methods. The PCR products as well 
as the pGEX-4T3 vector were digested with EcoR1 and BamH1. Then the full-length 
PFP cDNA segments were ligated into a pGEX-4T3-222 expression vector using 
established methods (Harper and Speicher, 2011; Holding et al., 2007). Recombinant 
proteins were purified and thrombin cleaved before being analyzed by SDS-PAGE and 
western blotting. 
Plant Stress Treatments 
W64A wild type seeds were germinated and grown for ten days in a growth chamber at 
25°C, with 18 hour days and light intensity of 100 μmol m-2 sec-1. Four seeds per pot 
were grown in MS medium in doubled Magenta boxes. The heat and cold stresses were 
carried out overnight for 12 hours in the dark in a 42°C incubator and cold room 
respectively. DTT (5mM) was applied to the medium in 10 mls water medium and 10 
mLs of water were applied to the non-DTT treatments as controls. Root and leaf proteins 
were extracted as for the seed enzyme assays above and quantified by Bradford assay 
(Bio-Rad). Immuno-blots were carried out as described above. All Hsp antibodies were 
obtained from Agrisera (Sweden) and were used at 1/5000 dilution. 
Transgenic Material  
The PFPα RNAi cassette harbored a 232 bp fragment common to the PFP alpha subunit 
and retrogene sequence from the GenBank accession numbers EU957109 and JQ522973, 
??
?
30 
respectively. The fragment was assembled into the hairpin element in the base vector 
pUC18-RNAi, a plasmid that carries the second intron of the Arabidopsis thaliana small 
nuclear ribonuclear protein D1 (locus At4g02840). The intron is delineated by a set of 
compatible cohesive end restrictions sites that facilitate assembly of inverted repeats. The 
hairpin structure was subsequently subcloned between the 27-kDa g-zein promoter and 
T35S terminator of transcription within the binary vector pPZP212 (Hajdukiewicz et al., 
1994). The cyPPDK2 gene with integrated XbaI site was synthesized by GenScript in 
pUC57 vector. Over-expression construct was driven by the endosperm specific 27 kDa 
gamma zein promotor in pPTN496 vector where the GUS gene was replaced by 
synthesized cyPPDK2. Constructs were transformed into Agrobacterium tumefaciens and 
into immature HiII maize (Zea mays) embryos and regenerated using an established 
procedure (Sattarzadeh et al., 2010). Plants were genotyped using PCR primers used in 
cloning to check for positive genomic insertions. 
RESULTS  
Increased expression of a PFPα subunit gene but not a closely related retrogene 
coincides with endosperm modification in QPM 
Microarray and qRT-PCR experiments comparing endosperm pools of modified 
(vitreous) and non-modified (opaque) lines derived from the a cross between the South 
African QPM, K0326Y and W64A, as well as the parental lines themselves, showed 
substantial up-regulation of a PFPα gene on chromosome 9.03 in lines exhibiting the 
modified QPM phenotype (Holding et al., 2008; Holding et al., 2011; Guo et al., 2012). 
In order to verify this differential expression using qRT-PCR, it was necessary to 
sequence K0326Y and W64A alleles for PFPα so that reliable primers could be designed 
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in regions of 100% conservation. In sequencing full length cDNAs for PFPα in K0326Y 
and W64Ao2, we identified two slightly different length transcripts (Figure 2.2A) with 
very high sequence conservation. The predominant K0326Y transcript contains an 1869 
bp ORF whereas the other transcript, which we at first believed to be W64Ao2 specific, 
is 1764 bp. These genes have a number of polymorphisms, but moreover, the transcript 
predominant in K0326Y has a region of 105 bp encoding 35 amino acids that is not 
present in the shorter transcript. The predicted proteins from these two transcripts are 
shown in Figure 2.3. Reverse transcriptase PCR analysis using primers flanking this 
105bp region, showed that both longer and shorter transcripts are present in all 
genotypes; W64A wild type and o2, as well as K0326Y QPM (Figure 2.2A). RT-PCR 
shows that the longer transcript is specifically and substantially increased in QPM (Figure 
2.2A). We also investigated PFPα expression in CM105 QPM which was generated from 
the Mexican Pool 33 QPM (Gibbon et al., 2003). After sequencing this cDNA from 
CM105 wild type, o2 and QPM, we observed the same RT-PCR result indicating that the 
increase in the long PFPα transcript (Figure 2.2B), as well as the existence of the shorter 
transcript, is common in QPM backgrounds of completely different pedigree. Using PCR 
primers both entirely within the 105 bp region specific to the longer transcript as well as 
primers downstream of the 105 bp region common to both transcripts, we observed the 
same increase in PFPα expression relative to wild type and o2 using qRT-PCR (Figure 
2.2C). This confirmed that the PFPα increase in QPM is a result of specifically increased 
accumulation of the longer transcript.  
QTL mapping experiments have identified at least three QTLs associated with endosperm 
modification in QPM with locations on chromosomes 1.05, 7.02 and 9.03 (Holding et al., 
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2008). QTL mapping using K0326Y RILs confirmed that the chromosome 7 QTL is by 
far the most significant followed by the chromosome 9 QTL with the chromosome 1 QTL 
being slightly below the significance cut-off value for kernel hardness and density 
(Holding et al., 2011). We obtained developing endosperm material for representative 
RILs which specifically had the K0326Y genotype for the markers flanking each one of 
these three QTLs (Guo et al., 2012). The effect of each of the isolated QTLs is manifest 
by a variable degree of endosperm modification (Guo et al., 2012). 
Pyruvate Pi dikinase (PPDK) expression is known to be induced by the OPAQUE2 
transcription factor (Damerval and Le Guilloux, 1998) and cyPPDK1 abundance is thus 
reduced in o2 and modified o2 (QPM). In qRT-PCR and semi-quantitative RT-PCR we 
observed a similarly reduced level of cyPPDK1 transcript in both o2 and QPM (Figure 
2.2F and E).  Interestingly, the cyPPDK2 transcript (which is not regulated by O2) in 
QPM is significantly up-regulated (Figure 2.2F and E). 
To determine if the two PFPα transcripts are the product of differential splicing of a 
single gene or if they are transcribed from separate genes, we determined the genomic 
sequence of each gene. Using primers at the extremities of the cDNA sequence, we were 
able to amplify a genomic fragment of exactly the same size and sequence as the shorter 
PFPα transcript that lacked the 105 bp region and also lacked any introns. These primers 
did not amplify a transcript that could represent the larger PFPα transcript. However, 
using primers that amplify shorter regions of the gene, we were able to annotate the 
longer PFPα gene containing the 105 bp region as well as multiple introns which 
corresponds to the Genbank accession (EU957109) and maize genome sequence 
(GRMZM2G314094) (Figure 2.3A). The first two introns are 2,390 bp and 25,917 bp 
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respectively which is likely the reason why we were not able to amplify the whole 
genomic region. The very large second intron size is inferred from the B73 genome and 
was not sequenced in its entirety for W64A or K0326Y. The very high level of sequence 
conservation between the longer and shorter transcripts and their distinct genomic 
organization, indicates that the shorter transcript is a retrotranscribed version of the 
longer transcript which reinserted into the genome. Furthermore, this gene lost exon 14, 
since the entire region between the end of exon 13 and the beginning of exon 15, 
including introns 13 and 14, is absent in the cDNA (Figure 2.3B). Thus, the short 
transcript is an expressed retrogene (Figure 2.2A and B) and its cDNA sequence predicts 
it to encode a protein which has a 35 amino acid internal deletion relative to the protein 
from the longer gene but an ORF sequence that shares the same N and C termini as the 
full length PFPα protein (Figure 2.3C). 
Increase in the regulatory PFPα but not catalytic PFPβ subunit protein is specific to 
QPM endosperm 
To confirm the PFPα differential expression, we designed peptide antibodies including 
one to detect both the 67.7 kDa PFPα and the predicted 63.7 kDa PFPα retrogene protein. 
However, a protein at the predicted size encoded by the retrogene transcript was not 
detected in native plant extracts. We also designed a peptide antibody entirely within the 
35 amino acid region which is specific to PFPα but not the retrogene protein. However, 
this did not result in a useful antibody. PFPα protein is specifically increased in QPM 
endosperm over wild type and o2 by mid-endosperm filling (18 DAP) (Figure 2.4A). 
However, during early kernel filling (12 DAP), before the peak in zein accumulation and 
before the phenotypes of o2 and QPM develop; there was little or no difference in PFPα 
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accumulation between wild type, o2, and QPM (Figure 2.4A). This confirmed earlier RT-
PCR data which showed that differential PFPα gene expression is not observed at 12 
DAP (not shown). Although PFPα is abundant in embryo extracts, its accumulation is 
uniform between wild type, o2, and QPM (Figure 2.4C). High-level PFPα accumulation 
shows a good correlation with the vitreous phenotype in K0326Y RILs (Guo et al., 2012). 
Our PFPα antibody frequently recognized a less intense protein band at approximately 50 
kDa (Figure 2.3C and D). This band likely results from another PFPα family member 
located on chromosome 5. The gene (mRNA accession; PCO650540), whose transcript is 
not differentially expressed between wild type, o2, and QPM (not shown), encodes a 53 
kDa protein with 82% amino acid identity with PFPα. The 14 amino acid peptide 
sequence has one mismatch with that of PFPα.  
We also made a peptide antibody to the 61.1 kDa catalytic PFPβ subunit protein encoded 
by the GRMZM2G059151 chromosome 6 gene. Western blots with this antibody showed 
that PFPβ abundance is uniform between genotypes at these early and mid-endosperm 
developmental stages (Figure 2.4B). The peptide used to make the PFPβ antibody exists 
in a predicted 47 kDa protein encoded by a related mRNA (AY104192) and this likely 
explains the faint, lower molecular weight band in Figure 2.4B.  
QPM endosperm has reduced PPDK activity but increased PFP activity 
The increased accumulation of PFPα transcript and protein prompted us to test PFP 
activity in wild type, o2, and QPM developing endosperm (20 DAP) according to an 
established method (Theodorou et al., 1992). This showed that forward PFP activity is 
significantly lower in o2 compared with wild type whereas the activity is almost four-fold 
higher in QPM compared with o2 (Figure 2.5A). Since PFP is a reversible enzyme, and 
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increase in PFPα abundance could cause an increased flux in the gluconeogenic direction, 
we also measured its reverse activity. Using the conditions previously described 
(Theodorou et al., 1992), reverse PFP activity was at least 100-fold lower than forward 
activity in all genotypes (not shown) suggesting that in mid-kernel filling endosperm, 
PFP function in the glycolytic direction may be most significant. However, since multiple 
factors that can affect relative forward and reverse flux in vivo can change very quickly, 
in vitro results with endosperm extracts must be cautiously interpretted. 
In light of this possible increase in forward flux at an important rate limiting step of 
glycolysis, we were interested to know if there are global glycolytic differences between 
wild type, o2 and QPM (modified o2)  in another PPi utlizing enzyme, PPDK. 
Interestingly, cyPPDK1 isoform is positively regulated by O2 and therefore has low gene 
expression in o2 and also modified o2. Using a PPDK enzyme assay, we determined that 
forward PPDK activity is about two-fold reduced in o2 and QPM suggesting that the 
modifier genes do not restore PPDK activity (Figure 2.5B). Interestingly, reverse PPDK 
activity is significantly reduced in QPM compared to o2 (Figure 2.5C). This, along with 
the forward PFP increase in QPM, might tend to shift net glycolytic flux in the forward 
direction. Reduced forward PPDK activity in o2 might result in reduced flow from 
phosphoenolpyruvate (PEP) to pyruvate (Figure 2.1) and therefore, reduced input into the 
TCA cycle. However, PEP can also be diverted through oxaloacetate and malate and into 
the TCA cycle. Interestingly, a gene for PEP carboxylase was found to be approximately 
five-fold up-regulated in QPM over wild type and o2 in an RNA-seq experiment and an 
increase in expression was also observed in QPM and vitreous QPM RILs using semi-
quantitative RT-PCR (Guo et al. 2012; Figure 2.11). Pyrophosphate abundance is 
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consitantly high in wild type, o2 and QPM (Figure 2.5D) and compared to measured ATP 
levels seems to not be a limiting factor in endosperm extracts at mid-filling stage. 
PFPα retrogene is not detectable in native extracts and has no impact on enzyme 
activity 
To investigate a possible function for the PFPα retrogene, we made recombinant bacterial 
proteins for both the native and retrogene versions. After thrombin cleavage of the GST-
tag we were able to identify both the PFPα native and retrogene polypeptides using our 
PFPα antibody at the expected size (Figure 2.6). However, even though we could identify 
the retrogene, recombinant protein expression on a western blot, we could not detect this 
protein in any plant extracts tested. Serial dilutions of a known total protein concentration 
of wild type extracts were used to determine an appropriate concentration for further 
competitive enzyme activity assays. The research objective was to test if a bacterial 
recombinant PFPα retrogene could displace the native PFPα subunit in solution and what 
impact it would have on PFP enzyme activity. When challenging a wild type total protein 
extract with varying amounts of recombinant proteins, PFP forward specific activity was 
dramatically reduced with the addition of both the native and retrogene version. 
However, PFP activity could be restored using small amounts of the native form of PFPα 
recombinant protein (Figure 2.7). Interestingly, at the lowest concentration tested of the 
native PFPα bacterial protein, PFP forward enzyme activity was increased above wild-
type levels. Conversely, when titrating with the PFPα retrogene bacterial protein, normal 
activity could be restored to wild type levels when using a very small amount of purified 
protein. This suggests the PFPα retrogene is non-functional and does not play a 
significant inhibitory role of enzymatic regulation. 
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Reduction of Hsp activity and possible amelioration of endosperm stress in QPM 
The RNA-seq experiment suggested that the expression of many genes is reduced in 
QPM endosperm in comparison to o2 endosperm (Guo et al., 2012). As expected, the two 
different QPM lines tested exhibited substantial differences in the differentially expressed 
gene sets. However, we overlaid the data sets to find commonly down-regulated genes in 
QPM and found that a high proportion of genes in this category were heat shock proteins 
(Hsps) which are all ATPases. This may suggest that modification of o2 endosperm is 
accompanied by stress amelioration. All classes of chaperones/heat shock proteins (Hsps) 
except Hsp60, including small Hsps (Hsp-30, Hsp-26), Hsp-70, Hsp-82, Hsp-90, Hsp-
101, as well as other stress related genes are represented in this group. We used semi-
quantitative RT-PCR on a number of these genes to confirm this generalized Hsp down-
regulation and furthermore that the expression level is generally similar in wild type and 
QPM endosperm but increased in o2 (Guo et al. 2012). Previous studies demonstrated the 
induction of stress responsive genes in o2 endosperm compared with wild type (Hunter et 
al., 2002). 
PFP is induced by stress in maize roots 
To explore the possible link between induction of ATP-requiring Hsp proteins and 
glycolytic modification, we subjected vegetative maize tissues to a variety of stresses 
including heat stress, ER stress and cold stress. Ten day old seedlings grown in tall sterile 
tissue culture boxes were incubated for 12 hours at 42°C for heat shock, 4°C for cold 
shock and 5 mM DTT to induce ER stress. The DTT treatment was also combined with 
both heat and cold shock. We then used commercially available HSP antibodies and 
PFPα and PFPβ antibodies on western blots of protein extracts. Both PFPα and PFPβ 
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accumulated at barely detectible levels in leaf tissue (not shown). However both PFP 
subunits accumulate at high levels in root tissues (Figure 2.8). The level of PFPβ protein 
is not affected by the stress treatments whereas both heat stress, ER and cold stress led to 
increases in PFPα abundance. Heat and ER stress appear to be additive in their effects on 
PFPα induction (Figure 2.8). Hsp 90 is constitutively expressed in roots but is increased 
by heat stress. Hsp101was only observed in roots after heat shock treatment. Hsp70 was 
detected constitutively but was increased by all treatments especially heat shock. 
Antibodies to Hsp70 often detect a doublet in plant extracts which likely corresponds to 
the ER lumen version (BiP) and a cytosolic version. Since the lower band is induced by 
ER stress, the upper band seen in lane 2 likely represents the cytosolic form (Figure 2.8). 
PFP and PPDK may regulate glycolytic activity to promote kernel hardness 
To better understand the significance of PFP and PPDK for QPM endosperm maturation 
we prepared transgenic lines with endosperm specific over-expression as well as RNAi 
suppression for both genes. Analyzing the effects of RNAi suppression of these 
transgenes alone and in combination will help to characterize their role in normal 
endosperm maturation. The PPDK RNAi is lethal and evaluation of the PFP RNAi is still 
in progress.  
In addition to surveying the metabolic and physical effects of the over-expression of PFP 
and the non-O2 regulated PPDK (cyPPDK2), we will determine if one or both of these 
genes, either alone or alongside other QPM candidate modifier genes such as 27-kDa γ-
zein, are able to ameliorate the effects of the o2 mutation. The PFP over-expression line 
was crossed to a homozygous o2 mutant creating F1 kernels what were 100% O2/o2. In 
the F2, 25% of kernels segregated fully opaque indicating that the PFP over-expression 
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transgene was not able to act alone as an o2 modifier. Had it worked as a modifier, a 
reduced percentage of opaque kernels or a proportion of semi-opaque, partially modified 
kernels would be observed. A similar experiment is underway for cyPPDK2 over-
expression once single insertion events are determined. A high abundance of PFPα 
subunit in the PFP over-expression single insertion homozygous line greater than 
previously seen for QPM and its HiII genetic background (Figure 2.9A) was observed. 
This increased abundance also was stable upon crosses with the PPDK over-expression 
material. However, PFPα abundance in PPDK over-expression line for two separate 
events was variable but similar to HiII and QPM abundance. It was found that the 
constitutively expressed catalytic subunit PFPβ is also consistent in plants with transgenic 
manipulations and across diverse genetic backgrounds. The higher abundance for PFPβ in 
the PPDK over-expression lines is most likely due to increase in total flux through 
glycolysis demanding an increase in abundance for the PFP catalytic subunit at the first 
major rate limiting step. 
The accumulation of PPDK was determined using a peptide antibody specific to PPDK1 
isoform which demonstrated almost absent bands in B73 WT, HiII and QPM (Figure 
2.9A). Furthermore, the antibody also indicates in the PPDK2 over-expression line there 
is actually an increase in PPDK1 abundance compared to all controls. The PFP over-
expression line and over-expression crosses between PFP and PPDK have a moderate 
PPDK1 accumulation compared to controls. Interestingly, when crossing the over-
expression lines together a resulting hyper-vitreous endosperm forms (Figure 2.9B).  
Similarly to the previous enzyme assays for PFP and PPDK, the transgenic over-
expression lines were tested to see if their protein abundance mirrored enzyme activity. 
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We tested PFP in vitro enzyme activity for both the forward and reverse direction. The 
forward activity in the PFP over-expression line is almost four-fold increased over the 
HiII control and about three-fold increased over QPM (Figure 2.10A, black bars). The 
PPDK over-expression lines have very similar activity to QPM and with event one 
having a slight increase above HiII. The over-expression crosses of PFP and PPDK also 
indicate strong forward PFP activity that is increased three-fold over HiII.  
Previously, the PFP reverse activity was at least 100-fold lower than forward activity in 
W64a wild-type, o2 and QPM and was not shown. This previous result suggested that in 
mid-kernel filling endosperm, PFP function in the glycolytic direction may be most 
significant. Similarly, the reverse direction of PFP is neglegable for HiII and QPM 
(Figure 2.10A, grey bars). However, this finding seems to be genotype specific. B73 
wild-type seems to be at equilibrium for PFP forward the reverse and there is no 
significant difference between activity rates. When evaluating the transgenic lines, PFP 
over-expression reverse PFP activity is negative. The negative reverse PFP activity most 
likely results from a contaminating secondary oxidizing reaction. The PFP over-
expression line is strongly and exclusively working in the glycolytic direction through 
PFP. When the other PPi-dependent enzyme in glycolysis, PPDK, is over-expressed there 
is a significant difference of reverse activity between the two events. Event one has a 
small reverse activity coupled with a strong forward PFP enzyme activity. Whereas, 
event two has equal reverse and forward PPDK specific activities. This variability 
between events may indicate multiple insertions. The over-expression crosses of PFP and 
PPDK show very low reverse activity and seem to be working solely in the forward 
direction regardless of which direction the cross is derived from.  
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In general, the PPDK enzyme assay demonstrates an equal forward and reverse reaction 
for almost all samples (Figure 2.10B) but the rate of activity differs significantly. The 
20DAP material tested shows an equal rate of flow through PPDK between B73 WT and 
QPM with HiII working primariliy in the forward direction. The PFP over-expression 
line has a significant increase in reverse activity compared to HiII and may result from a 
pyrophosphate demand generated by PFP. Interestingly, when PFP is silenced there is a 
significant increase in both the forward and reverse PPDK rate compared to HiII but not 
significantly different in the forward direction when PFP is over-expressed. Conversely, 
the reverse direction of PPDK activity is slighly higher in the PFP RNAi line compared 
to the PFP over-expression line. The cyPPDK2 over-expression lines increase PPDK 
activity almost four-fold in the forward and twenty-fold in the reverse for the first event. 
This strongly increased activity for PPDK is lesser in extent for the second transgenic 
event and is only increased two-fold in the forward and ten-fold in the reverse. It is 
interesting to note that when crossing the PFP and PPDK over-expression lines using 
PPDK over-expressor (from event 1) as the female, a higher forward activity is detected 
than when the PPDK over-expressor is used as the male. In that case, the reverse activity 
is most significant. 
DISCUSSION 
Maize endosperm cells accumulate massive amounts of zein proteins packaged in an 
orderly layered manner as ER localized protein bodies (Lending and Larkins, 1989). 
Dominantly expressed mutant zeins in certain maize opaque endosperm mutants can 
interrupt this precise packaging. For example, in fl2 and De-B30, mutant α-zein proteins 
with uncleaved signal peptides accumulate at the ER-membrane and cause the expression 
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of chaperones like BiP (an Hsp70 family member), PDI and calreticulin denoting an 
‘Unfolded Protein Response’ (UPR) (Boston et al., 1991; Gillikin et al., 1997; Kim et al., 
2004). The increase in expression of molecular chaperones and other stress-related 
proteins in most opaque mutants including o2 has been previously documented (Hunter et 
al., 2002). However in most opaque mutants, the nature and cause of endosperm stress 
are unknown. Although UPR markers are only slightly elevated in o2 endosperm (Hunter 
et al., 2002), the increase in Hsps and other stress-related proteins does suggest cellular 
stress. Since zein accumulation is reduced, many non-zein proteins are increased to 
higher than normal levels, as a result of a rebalancing of the seed proteome. Abnormally 
high accumulation of certain non-zein proteins may be the source of the observed cellular 
stress in o2 since they would not be expected to form ER protein bodies and may thus 
overwhelm the downstream secretory system. o2, De-B30, and fl2 all have a low-zein 
phenotype and it has been assumed that altered zein protein body formation is the 
primary cause of opacity and that cellular stress is only a side effect of this. However, 
other mutants such as o1 show no low-zein or elevated non-zein phenotype and yet, o1 
has increased expression of a number of stress related genes and chaperone genes (Hunter 
et al., 2002) inviting the suggestion that the stress response itself may be at least partially 
responsible for the opacity in o1 and perhaps, other opaque mutants.  
The above hypothesis is compatible with the reduced expression of stress response genes 
in QPM (modified o2) to wild type expression levels, and possibly suggests that o2 
modifiers work by directly ameliorating the stress response. The RNA-seq experiment 
showed that the expression of many genes is decreased in QPM in relation to o2 (Guo et 
al., 2012). A number of stress-related genes are expressed at a higher level in o2 than 
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both QPM lines suggesting that modification of o2 endosperm is accompanied by, or 
even driven by, stress amelioration. Most classes of chaperones/heat shock proteins as 
well as other stress related genes are represented in this group. Although individual Hsps 
have particular functions, cooperation between different chaperones/Hsps and a variety of 
co-proteins is central to Hsp function (Wang et al., 2004). Many of these proteins are 
expressed and function in protein folding, assembly, translocation and degradation under 
normal cellular processes but are elevated and can assist in protein refolding under stress 
conditions. All of these functions are energy requiring such that cellular stresses place 
increased burden on cellular ATP resources. Maintenance of glycolysis, as provided by 
increases in ATP non-requiring PFP activity may be crucial in amelioration of this stress 
response. 
How could the stress response be ameliorated in QPM? Our results show a substantial 
increase in the abundance of the PFPα regulatory subunit in QPM and its reduction in o2. 
The in vitro assay results indicate that forward PFP activity is increased about four-fold 
in QPM relative to o2 endosperm. The function of PFP in plants is not certain, although 
several roles related to the modulation of respiration have been proposed (Plaxton and 
Podesta, 2006). Most evidence suggests that PFP functions as an adaptive enzyme that 
enables plants to survive certain stresses by inducing PPi-dependent bypasses in order to 
conserve diminished ATP reserves (Plaxton and Podesta, 2006). In the previous paper 
(Guo et al., 2012), PFPα protein is induced in response to heat shock, UPR and cold 
shock in maize root tissues. This supports the idea that PFP participates in glycolytic 
modification to meet the additional ATP demand created by a generalized Hsp induction. 
PFP may be functioning in endosperm modification by adopting a similar adaptive role. 
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If non-zein proteins accumulating to unnaturally high levels in o2 place an increased 
demand on the basal protein folding machinery, this could create a drain on ATP levels. 
If ATP became limiting, this could cause the folding machinery to become overwhelmed, 
thus leading to increased expression of Hsps. Also, although PPDK functions in the 
forward and reverse directions, our in vitro assay results suggest a significant reduction in 
its forward activity in o2. This may contribute to a reduced glycolytic flux and ATP 
synthesis.  In developing QPM endosperm, increased PFP activity could conserve ATP 
levels by allowing non-ATP dependent glycolytic flux between fructose-6-phosphate and 
fructose-1, 6-bisphosphate, and maintaining glycolysis and ATP production. In this case, 
ATP may not become limiting, the basal HSP machinery would be able to cope with the 
increased non-zein protein accumulation, and the stress response would not be invoked. 
An alternative explanation for the increase in PFP activity in QPM could be that it serves 
to prevent PPi from accumulating. An approximate a two-fold reduction in forward 
PPDK activity was observed in both o2 and QPM and one possible consequence of this 
would be an increase in PPi. This increase in PPi would tend to inhibit the forward 
activity of ADP-glucose pyrophosphorylase and thus reduce starch synthesis in o2 and 
conceivably, contribute to the kernel phenotype. However, PPi assays indicated that PPi 
does not increase in o2 or QPM endosperm relative to wild type which does not support 
the above hypothesis. Thus, the stability of PPi in plant tissues supports the suggestion 
that it serves as an alternative energy currency when ATP is limited. Reduced forward 
flow at the PPDK step in o2 could restrict flow to pyruvate, and thus, ATP production 
through reduced flux to Kreb’s cycle. QPM endosperm may compensate this blockage by 
increasing PEPC activity which is consistent with its increased transcription and is also 
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suggested by the fact that preliminary metabolic profiling studies (Figure 2.11) showed a 
two-fold increase in malate in QPM over wild type and o2, which provides an alternative 
route into the Kreb’s cycle.  
Using transgenics to specifically over-express the alpha subunit of PFP in the endosperm 
resulted in a significant increase in PFPα and did not change the β subunit abundance. 
This translated into a 3.5-fold increase in the forward direction at PFP and a slight 
increase of PPDK activity suggesting an overall glycolytic flux increase. The cyPPDK 
over-expression line also similarly demonstrated an increase PPDK protein abundance 
which was variable between the two independent events. The cyPPDK2 over-expressor 
also increased the abundance of PFPβ which may be a result of increased need of 
glycolytic flux. This suggested increase flux is also supported by slight increase of PFP 
activity in both events and a strong increase for PPDK activity almost four and two-fold 
higher than HiII for each event respectively. The first event for the PPDK over-
expression line demonstrates the strongest increase in glycolytic flux whereas the second 
event shows equal forward and reverse reactions at half the specific activity rates. The 
PFP RNAi line does not accumulate PFP alpha based upon long exposure western blots 
(data not shown) and has a two fold increase of PPDK enzyme activity. Interestingly, 
when the two over-expression lines are crossed PFPα accumulation is strongly increased 
while PPDK shows a moderate accumulation. The over-expression cross of PPDK and 
PFP results in almost three-fold increase of PFP in the forward direction and two-fold 
increase of general PPDK activity and the kernel is hyper-vitreous compared to the over-
expression lines themselves and HiII. Remarkably, the over-expression crosses must 
generate enough substrates at the beginning of glycolysis for PPDK to efficiently convert 
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and are therefore the most balanced in terms of increase of specific activity at both steps 
rate limiting steps creating a hyper-vitreous kernel. 
Through the investigation of the differentially expressed PFPα gene, two highly similar 
but slightly different length transcripts were identified which share the same predicted 
ORF but are transcribed from different genes. The longer of the two transcripts results 
from a gene with multiple introns and has a 105 bp exon which is absent in the shorter 
transcript. By contrast, the genomic sequence of the shorter gene is identical in length and 
sequence to its cDNA; it contains no introns. This indicates that this gene is derived from 
a reverse transcribed copy of a spliced mRNA that lost the 105 bp exon and underwent a 
reinsertion event into the genome. This phenomenon, called retropositioning, is well 
known in animals and is a significant evolutionary driving force (Brosius, 1991). Most 
these retrogenes are non-functional pseudogenes, since they do not have promoters. 
However, if a retrogene happens to insert into a region capable of regulation, it can not 
only be expressed, but can be renovated with novel introns. This has recently been 
demonstrated in plants (Zhu et al., 2009) although much remains to be learned about the 
mechanism and its functional significance. The short PFPα gene may be a functional 
retrogene since it is transcribed although its function in relation to the longer, inducible 
gene is not known and we have not detected a protein of its predicted size. It is most 
likely that the retrogene does not have a regulatory or inhibitory role of the PFP complex 
and is a non-functional pseudogene. This is supported by the fact when challenging 
regular wild-type extracts with purified bacterial recombinant protein of PFPα retrogene 
there is no significant difference in PFP enzyme activity compared to the control PFPα 
purified bacterial recombinant protein.  
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CHAPTER 2 MULTIMEDIA OBJECTS: 
 
Figure 2.1. Summary of glycolytic pathway (Guo et al., 2012). Reversible enzymes 
which involve pyrophosphate (PPi) are shown in gray boxes. Solid gray arrow represents 
transcriptional activation of pyruvate Pi dikinase (PPDK) by the OPAQUE2 transcription 
factor. AGPase (ADP-glucose pyrophosphorylase), PFK (ATP-dependent 
phosphofructokinase), PFP (PPi dependent phosphofructokinase), GAPDH 
(glyceraldehyde-3-phosphate dehydrogenase), PEPC (phosphoenolpyruvate carboxylase), 
PK (pyruvate kinase) 
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Figure 2.2. Expression of PFPα and PPDK in maize endosperm. 
A. Reverse transcriptase PCR of PFPα in W64A WT, W64A o2, and K0326Y QPM developing 
endosperm RNA. Three biological replicate ears are shown for each genotype. Primers flank 
the 105 bp region absent in the retrogene transcript and are common to both PFPα (upper 
band) and PFPα retrogene (lower band). (Guo et al., 2012) 
B. Same as A but comparing CM105 WT, CM105o2, and CM105 QPM. (Guo et al., 2012) 
C. qRT-PCR of PFPα comparing expression in  W64A WT, W64A o2, K0326Y QPM. PCR 
product does not span the 105 bp polymorphism and primer binding sites are common 
between PFPα and PFPα retrogene. (Guo et al., 2012) 
D. RT-PCR of PFPα in WT, o2 and QPM. (Guo et al., 2012) 
E. Kernel vitreousness/opacity of genotypes shown in C and D using a light box. (Guo et al., 
2012)  
F. RT-PCR of cytosolic PPDK isoforms in WT, o2 and K0326Y QPM. (Guo et al., 2012) 
G. qRT-PCR of cyPPDK1 and cyPPDK2 comparing expression in W64a WT, W64a o2, 
K0326Y QPM 
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Figure 2.3. PFPα and PFPα retrogene structure. (Guo et al. 2012) 
A. Structure of the PFPα genomic sequence. Thick bars and thin line represent exons and 
introns respectively whose length corresponds to the scale bar. The grey exon is not 
present in the PFPα retrogene. 
B. Genomic sequence of PFPα showing exons 13, 14 and 15 (gray shaded uppercase) 
and introns 13 and 14 (lowercase). The underlined 105 BP region, encoding 35 amino 
acids, is absent in the PFP retrogene. In the PFPα retrogene, the entire region between 
the terminal T of exon 13 and the first G of exon 15 (shown with white letters on 
black boxes) is absent. 
C. Amino acid sequences of PFPα retrogene (PFPα R; top) and PFPα (PFPα L; bottom), 
aligned to show polymorphisms and 35 amino acid region not present in the retrogene 
product (black box). The underlined region shows the 14 amino acid region used for 
peptide antibody production. 
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Figure 2.4 PFP subunit accumulation in endosperm and embryo (Guo et al. 2012) 
A. PFPα protein gel blot of 12 and 18 DAP CM105 WT, CM105 o2, and CM105 QPM 
endosperm extracts. 
B. PFP? protein gel blot of 12 and 18 DAP CM105 WT, CM105 o2, and CM105 QPM 
endosperm extracts. 
C. PFPα protein gel blot of 18 DAP CM105 WT, CM105 o2, and CM105 QPM embryo 
extracts. 
 
 
 
Figure 2.5. PFP and PPDK activity in 18 DAP W64A wild-type, W64A o2, and 
K0326Y QPM endosperm (Guo et al., 2012). Activity units (Y axes) are in 
?moles/min/mg protein. Pyrophosphate content measured in micromoles per mg of 
protein.  
D 
??
?
51
 
 
 
 
 
Figure 2.6. PFPα western detection of thrombin-cleaved GST fusion recombinant 
proteins. PFPα retrogene (R) and native (N) purified thrombin cleaved bacterial 
recombinant proteins in comparison with a titrated amount of WT total protein extract 
ranging from 15, 13, 11, 9 and 7 micrograms, respectively. Due to such a long exposure a 
non-specific 53 kDa PFP family band is present in WT extract. 
 
 
 
Figure 2.7. PFP enzyme activity with titrated amounts of thrombin-cleaved GST 
fusion PFPα retrogene and native version. Specific activity (Y axis) units are 
μmoles/min/mg protein. Specific activity is dependent upon recombinant protein 
concentration titrated so inferences can be made on a microliter basis. Wild-type specific 
activity with no recombinant protein is indicated by the dashed line.  
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Figure 2.8. PFP induction in root tissue in response to stress (Guo et al., 2012). Lanes 
1-6 show protein gel blots of W64A wild type root proteins (10?g) from plants grown in 
tissue culture boxes and treated to induce heat or cold shock and/or UPR stress: 1) 25?C 
control;  2) 42?C for 12 hours;  3) 42?C + 5mM DTT for 12 hours;  4) 25?C + 5mM DTT 
for 12 hours;  5) 4?C for 12 hours;  6)  4?C + 5mM DTT for 12 hours. Antibodies used 
were HSP90, HSP101, HSP70 (BiP), PFP?, and PFP? which are shown on left of panels. 
 
 
  
 
 
 
Figure 2.9. PFP and PPDK accumulation in over-expressed transgenic lines at 
20DAP.  
A. PFPα, PFPβ and PPDK accumulation in B73 WT, HiII, QPM and transgenic 
overexpression lines for PFPα and cyPPDK2 and their respective crosses. Number 
in parentheses indicates different transgenic events. 
B. Mature kernel phenotypes on light box of HiII, PFPα overexpression, cyPPDK2 
overexpression and PFPα by cyPPDK2 overexpression cross. 
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Figure 2.10. PFP and PPDK enzyme activity in 20DAP transgenic lines.  
A. PFP forward (black bars) and reverse (grey bars) specific activity. Activity units 
(Y axes) are in μmoles/min/mg protein. Error bars are ± standard error of the 
mean. 
B. PPDK forward (black bars) and reverse (grey bars) specific activity. Activity units 
(Y axes) are in μmoles/min/mg protein. Error bars are ± standard error of the 
mean. 
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Figure 2.11. Glycolysis metabolites in 20DAP W64a WT, o2 and K0326Y (G10, 
QPM). 
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CHAPTER 3 
PROTEOMIC PROFILING OF MAIZE OPAQUE ENDOSPERM MUTANTS 
REVEALS SELECTIVE ACCUMULATION OF LYSINE-ENRICHED PROTEINS 
AND NEW INSIGHT INTO THE ER-SECRETORY PATHWAY 
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ABSTRACT 
Reduced prolamin (zein) accumulation and defective ER-body formation occurs in maize 
opaque endosperm mutants opaque2 (o2), floury2 (fl2), defective endosperm*B30 
(DeB30), and mucronate (Mc) whereas other opaque mutants such as opaque1 (o1) and 
floury1 (fl1) are normal in these regards. This suggests that other factors contribute to 
kernel texture. We used a LC-MS/MS proteomics approach to compare non-zein proteins 
of nearly isogenic opaque mutants. In total, 2762 proteins were identified that were 
enriched for biological processes such as protein transport and folding, amino acid 
biosynthesis, and proteolysis. Amino acid analysis of top proteins revealed qualitative 
changes in lysine abundance contributing to the overall lysine increase. Principal 
component analysis and pathway enrichment suggested that the mutants partition into 
three groups: Mc, DeB30, fl2 and o2; o1; and fl1. Indicator species analysis revealed 
mutant-specific proteins, and highlighted ER secretory pathway components that are 
enriched in selected groups of mutants, albeit with no common proteins across all 
mutants. Most significantly changed proteins were related to stress or defense and zein 
partitioning into the soluble fraction for Mc, DeB30, o1 and fl1 specifically. We suggest 
that ER stress is a universal trigger of opacity regardless of qualitative or quantitative 
changes in zein accumulation. 
 
 
 
 
 
??
?
60 
INTRODUCTION 
Developing maize endosperm differentiates into six distinct regions including the 
aleurone, sub-aleurone, embryo, embryo surrounding region, endosperm transfer cells, 
and the central starch region (Olsen et al. 1999). The main endosperm storage tissues are 
the aleurone, sub-aleurone and central starchy endosperm region (comprising a region of 
exterior vitreous endosperm and a chalky central region). The aleurone cells in cereals 
accumulate mostly lipid bodies and protein storage vacuoles while the starchy endosperm 
contains starch and ER protein bodies (Brouns et al. 2012, Xiong et al. 2013). Protein 
bodies are composed of many zein polypeptides which are classified as alpha-, beta-, 
gamma- and delta-zein (Lending and Larkins 1989). Proteins bodies have an alpha- and 
delta-zein rich core which is surrounded by the heavily cross-linked gamma zein 
(Lending and Larkins 1989, Woo et al. 2001). For proper protein body formation, and a 
resulting vitreous endosperm, all zein classes must be present and in correct 
stoichiometric ratios within protein bodies (Guo et al. 2013). Mutations that affect zein 
synthesis not only affect protein body shape and size but influence endosperm texture 
(Mertz et al. 1964, Schmidt et al. 1990, Soave and Salamini 1984, Kim et al. 2003, Kim 
et al. 2006, Coleman et al. 1997, Holding and Larkins 2006, Holding et al. 2007, Wang et 
al. 2012, Holding 2014, Gillikin et al. 1997). Either a quantitative or qualitative 
disruption of zein synthesis can result in an opaque endosperm phenotype. 
There are multiple opaque endosperm mutants in maize but in order to compare their 
transcriptomes, proteomes or metabolomes, they must be in a similar genetic background. 
Nearly isogenic lines of six opaque mutants were previously generated (Hunter et al. 
2002) in the W64a genetic background including opaque1 (o1), opaque2 (o2), floury1 
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(fl1), floury2 (fl2), Defective endosperm B30 (DeB30) and Mucronate (Mc). All six genes 
corresponding to the above mutants have been cloned and the majority of the mutations 
either directly or indirectly affect zein synthesis. O2 encodes a bZIP transcription factor 
which regulates many genes including most, but not all alpha-zeins (Schmidt et al. 1990). 
O2 also positively regulates the cytosolic pyruvate Pi dikinase-1 which may influence 
starch to protein balance during endosperm development (Maddaloni et al. 1996, 
Manicacci et al. 2009). The o2 mutant is also classically identified as having an almost 
two-fold increase in the essential amino acids, lysine and tryptophan due to proteome 
rebalancing (Schmidt et al. 1990). fl2, Mc and DeB30 are dominantly acting mutations in 
zein genes themselves and result in the accumulation of defective 22-kDa alpha-zein, 16-
kDa gamma-zein and 19kD alpha-zein species, respectively (Coleman et al. 1997, Kim et 
al. 2006, Kim et al. 2003). In the case of fl2 and DeB30, a point mutation results in un-
cleaved signal peptides which inappropriately anchor the dominant negatively acting zein 
polypeptide to the ER membrane preventing movement into the ER lumen (Coleman et 
al. 1997, Kim et al. 2003). Mc has a 38-bp deletion resulting in nonsense, frameshift 
mutation (Kim et al. 2006). This results in 63 abnormal amino acids on the C-terminal 
end of the protein and reduces the 16-kDa gamma interaction with the 22-kDa alpha zeins 
(Kim et al. 2006). DeB30, fl2 and Mc result in increased expression of genes associated 
with an unfolded protein response (UPR) most likely due to the misshapen protein bodies 
and a disorganized ER lumen (Zhang and Boston 1992, Shank et al. 2001).  
Opaque endosperm mutants that show little quantitative or qualitative differences in zein 
protein accumulation include fl1 and o1. FL1 encodes an ER membrane protein which is 
necessary for correct alpha zein placement with the protein body core (Holding et al. 
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2007). O1 encodes a myosin XI protein which affects ER morphology and trafficking 
(Wang et al. 2012). Interestingly, Fl1 has a domain (DUF593) which has been shown to 
function as a myosin XI receptor (Peremyslov et al. 2013). This may suggest that Fl1 
functions to attach protein bodies to the cytoskeleton. Although it has not been 
demonstrated, a direct or indirect, physical or functional interaction between the O1 and 
Fl1 proteins is an interesting possibility.  
Previous transcriptome experiments on developing endosperms of o1, o2, fl2 and Mc 
mutants using an Affymetrix Gene Chip revealed that opaque mutants have diverse 
pleiotropic changes in gene expression (Hunter et al. 2002). The global effect of gene 
expression appeared to correlate with the differences observed in changes of protein and 
amino acid synthesis. For example, o1, which has the least effect on zeins and amino acid 
composition, also has the least effect on global gene patterning. In contrast, o2, which has 
the largest reduction of zeins and subsequent increase in non-zeins has profound changes 
in amino acid composition and the largest effect on global gene expression (Hunter et al. 
2002). Therefore, three phenotypic groups emerged: W64a WT and o1; fl2 and Mc; and 
o2 (Hunter et al. 2002). Had DeB30 been included in this experiment, it would likely 
have clustered with fl2 and Mc due to a similar type of dominantly acting signal peptide 
mutation as fl2, a similar effect of lowered zein synthesis and a common UPR induction. 
The UPR induction in fl2, Mc and DeB30 has been hypothesized to occur either directly 
because of the accumulation of abnormal zeins or because of non-zein proteins, which by 
accumulating as a compensatory mechanism to rebalance the proteome, could overload 
the downstream ER secretory pathway (Hunter et al. 2002, Guo et al. 2012). The cause of 
endosperm stress in mutants such as o1 and fl1, which have little effect on zein or non-
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zein accumulation, is unknown. It was suggested that any initiation of cellular stress 
requires substantial energy in the form of ATP which in turn may become limiting in 
developing endosperm of opaque mutants, leading to disruption of normal growth and 
ultimately, opacity (Guo et al. 2012). 
The opaque mutants have been well characterized and in most cases a good explanation 
for the effects on endosperm texture has been provided. However, questions remain about 
the possible existence of a common underlying mechanism that could be shared across 
all, or a subset of, opaque endosperm mutants. Such a common mechanism may lead to 
the disruption of vitreous endosperm formation and could consequently explain the 
opaque phenotype in mutants for which only small quantitative or qualitative changes in 
zeins exist. 
To understand the factors besides zeins that influence endosperm texture, a shotgun (LC-
MS/MS) proteome analysis of the non-zein fraction of nearly isogenic lines of six opaque 
mutants (o1, o2, fl1, fl2, DeB30 and Mc), together with W64a wild type (WT) was 
conducted. Previous experiments that investigated the transcriptome of selected opaque 
mutants (o1, o2, fl2, and Mc) can only be used to speculate about protein abundances. 
Key increased transcripts in o2 include sorbitol dehydrogenase and glyceraldehyde3-
phosphate dehydrogenase genes which both encode lysine-rich proteins (Jia et al. 2013). 
Increased transcript expression of starch structural enzymes increased the amylopectin 
branching pattern in o2 (Gibbon et al. 2003, Jia et al. 2013). The increased branching 
pattern may affect starch grain interaction with endosperm protein body proteins thus 
promoting the opaque endosperm phenotype (Gibbon et al. 2003, Jia et al. 2013). 
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Multiple transcriptomic and two-dimensional SDS-PAGE (2D SDS-PAGE) experiments 
have been conducted on o2 because of its value for studying proteome rebalancing and 
because of its importance as a high-lysine grain (Frizzi et al. 2010, Hartings et al. 2011, 
Hunter et al. 2002, Jia et al. 2007). 2D SDS-PAGE is labor intensive and expensive and is 
consequently not suitable for whole proteome analysis. To assess the whole proteome, 
isogenic opaque endosperm mutants were analyzed with a label-free shotgun proteomic 
approach which is not biased towards selected abundant proteins or genetic background. 
The proteome of the non-zein fraction of each mutant was compared pairwise with WT, 
and also with each other, in order to identify factors which influence or are a result of the 
opaque kernel phenotype. It was found that the whole ER secretory pathway is affected in 
different areas for each opaque mutant which may be the cause of general cellular stress. 
o1 does not seem to have the full vesicle trafficking machinery for the proper fusion of 
vesicles that leave the ER to either the Golgi body or plasma membrane. o2 has a lower 
abundance of Sec61-Beta protein, a central component for ER translocation which may 
influence calcium influx as well as retro-translocation of peptides to the ER lumen. The 
UPR opaques (fl2, Mc and DeB30) confirm a high degree of ER-stress through 
enrichment of chaperone and stress related proteins along with an abundance of 
programmed cell death factors. Nearly two-fold increase of lysine was observed in o2 and 
is not only due to the quantitative increase of non-zein proteins but is also due to 
qualitative enrichment of lysine in the in the most abundant proteins. This qualitative 
change in lysine-enriched proteins may also partly explain total lysine increase in opaque 
mutants lacking proteome rebalancing. 
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MATERIAL AND METHODS 
Maize plant material 
Nearly isogenic lines for maize opaque mutants were developed at the University of 
Arizona, and maintained at the University of Nebraska-Lincoln. Plants used for 
proteomic analysis were grown in Sunshine MVP (formerly metro-mix 200) soil under 16 
hour day length cycles. Plants were grown in day temperature ranging from 27 to 29°C 
and night temperature between 21 and 23°C. The plants were self-pollinated and 
developing kernels were harvested by plunge freezing whole ears in liquid nitrogen at 20 
days after pollination (DAP). 
Zein and non-zein fractionation and SDS-PAGE analysis 
For each opaque mutant and the reference W64a WT, four biological replicate ears were 
used. Three whole kernels were taken from each ear and were fractionated into alcohol-
soluble zeins and aqueous non-zeins using the Wallace method (Wallace et al. 1990). 
Zein and non-zein fractions were checked for integrity by SDS-PAGE and total protein 
was quantified using BCA colorimetric assay. Non-zeins were suspended in 8M urea 
with 50mM Tris-HCl pH 8.0 and shipped on dry ice to University of California-Davis 
Proteomic Core for proteomic analysis. 
Sample preparation and trypsin digestion 
Protein samples were precipitated according to manufacture protocols using a 
ProteoExtract Protein Precipitation Kit from CalBiochem. The resulting protein pellet 
was solubilized in 100μL of 6M urea in 50mM ammonium bicarbonate (AMBIC). 
200mM of dithiothreitol (DTT) was added to a final concentration of 5mM and samples 
were incubated for 30min at 37°C. Next, 20mM iodoacetamide (IAA) was added to a 
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final concentration of 15mM and incubated for 30min at room temperature, followed by 
the addition of 20 μL DTT to quench the IAA reaction. Lys-C/trypsin (Promega) was 
next added in a 1:25 ratio (enzyme:protein) and incubated at 37°C for four hours. 
Samples were then diluted to <1M urea by the addition of 50mM AMBIC and digested 
overnight at 37°C. The following day, samples were desalted using C18 Macro Spin 
columns (Nest Group) and dried down by vacuum centrifugation. 
LC-MS/MS Analysis 
LC separation was done on a Waters Nano Acquity UHPLC (Waters Corporation) with a 
Proxeon nanospray source. The digested peptides were reconstituted in 2% 
acetonitrile/0.1% trifluoroacetic acid and roughly 3μg of each sample was loaded onto a 
100 micron x 25 mm Magic C18 100Å 5U reverse phase trap where they were desalted 
online before being separated on a 75 micron x 150 mm Magic C18 200Å 3U reverse 
phase column. Peptides were eluted using a gradient of 0.1% formic acid (A) and 100% 
acetonitrile (B) with a flow rate of 300nL/min. A 60 minute gradient was ran with 5% to 
35% B over 100 minutes, 35% to 80% B over 3 minutes, 80% B for 1 minute, 80% to 5% 
B over 1 minute, and finally held at 5% B for 15 minutes. 
Mass spectra was collected on an Orbitrap Q Exactive Plus mass spectrometer (Thermo 
Fisher Scientific) in a data-dependent mode with one MS precursor scan followed by 15 
MS/MS scans. A dynamic exclusion of 15 seconds was used. MS spectra were acquired 
with a resolution of 70,000 and a target of 1 × 106 ions or a maximum injection time of 
30ms. MS/MS spectra were acquired with a resolution of 17,500 and a target of 5 × 104 
ions or a maximum injection time of 50ms. Peptide fragmentation was performed using 
higher-energy collision dissociation (HCD) with a normalized collision energy (NCE) 
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value of 27. Unassigned charge states as well as +1 and ions >+5 were excluded from 
MS/MS fragmentation. 
Database searching 
Tandem mass spectra were extracted and were analyzed using X! Tandem (The GPM, 
thegpm.org; version CYCLONE 2013.02.01.1). X! Tandem was set up to search the 
Uniprot__20130710_VpC4HL database (124576 entries assuming the digestion enzyme 
trypsin and the Uniprot__20140311_skARqM database (65822 entries). X! Tandem was 
searched with a fragment ion mass tolerance of 20 PPM and a parent ion tolerance of 20 
PPM. Carbamidomethyl of cysteine was specified in X! Tandem as a fixed modification. 
Glu->pyro-Glu of the n-terminus, ammonia-loss of the n-terminus, gln->pyro-Glu of the 
n-terminus, deamidated of asparagine and glutamine, oxidation of methionine and 
tryptophan, dioxidation of methionine and tryptophan and acetyl of the n-terminus were 
specified in X! Tandem as variable modifications.  
Scaffold criteria for protein identification: 
Scaffold (version Scaffold_4.4.1, Proteome Software Inc., Portland, OR) was used to 
validate MS/MS based peptide and protein identifications. Peptide identifications were 
accepted if they could be established at greater than 95.0% probability by the Scaffold 
local FDR algorithm resulting in an FDR of 0.4%. Protein identifications were accepted 
if they could be established at greater than 99.0% probability and contained at least two 
identified peptides resulting in a FDR of 0.03%. Protein probabilities were assigned by 
the Protein Prophet algorithm (Nesvizhskii et al. 2003). Proteins that contained similar 
peptides and could not be differentiated based on MS/MS analysis alone were grouped to 
satisfy the principles of parsimony. Proteins sharing significant peptide evidence were 
??
?
68 
grouped into clusters. Proteins were annotated with GO terms from gene 
association.goa_uniprot (downloaded May 1, 2013) (Ashburner et al. 2000). 
Amino acid content analysis: 
Trypsin-digested peptide fragmented counts measured by mass spectrometers were 
employed for amino acid content analysis. The trypsin-digested peptide fragmented 
counts were used for pairwise comparisons among genotypes and significantly 
differentially expressed proteins were identified by the R package DESeq2 (Love et al. 
2014). All proteins were sorted by their p-values, and the top ranked proteins with high 
fold-changes, |log2(Fold-Change)| > 0.6, were kept for amino acid content calculation. 
For a comparison between one mutant and WT, top ranked proteins were split in two 
groups, up-regulated or down-regulated proteins. To estimate the individual amino acid 
contents, the frequency of a given residue was counted in selected top ranked proteins, 
and the percentage content of each amino acid residue is the ratio of its frequency to the 
total length of selected top-ranked proteins’ sequences. The ratio of percentage content in 
up-regulated proteins to down-regulated proteins for a given type of amino acid was 
calculated before log base 2 calculations. The protein sequences were obtained from the 
UniProt Database (http://www.uniprot.org/uploadlists/). 
Functional annotation clustering and gene ontology (GO) enrichment analysis: 
To gain insight into the biological significance of enriched protein clusters, the Database 
for Annotation, Visualization, and Integrated Discovery (DAVID, 
http://david.abcc.ncifcrf.gov, search date 1/11/15) was used. DAVID provides batch 
annotations to highlight the most relevant GO terms associated with a query protein list 
(Huang et al. 2009, Huang et al. 2008). Functional annotation clustering analysis in 
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DAVID was used to identify which annotations groups were enriched in the total proteins 
identified in the non-zein maize endosperm fraction. DAVID generates an enrichment 
score for a group of genes indicating annotation term member associations in a given 
experiment. The enrichment score is the negative log scale of geometric mean of each 
member's Fisher exact p-values transformed into an EASE score within the annotation 
cluster.  An enrichment score of 1.3 is equivalent to a non-log scale p-value of 0.05.  
To identify pathways specifically enriched compared to WT for each opaque mutant a 
bin-wise Wilcoxon test in PageMan (Usadel et al. 2006) was used. Proteins were 
considered to be over-represented when they were associated with a p-value less than 
0.05. This statistical test is similar to a rank-based t-test and tests if the median NSAF 
fold-change value of a protein(s) is the same as other median fold-change values of all 
bins within the ontological group. No multiple test correction was applied to the dataset. 
Plotting and statistical analysis: 
Principal component, indicator species, clustering, and PageMan (Usadel et al. 2006) 
analysis were applied to the proteomic data. For principal component analysis, the protein 
abundance data was used as a vector for a given maize mutant, and the functions 
prcomp() and ggbiplot() in R were employed for data analysis and plotting. Indicator 
proteins were identified using indicator species analysis of the relationship between the 
protein abundance values from all maize samples. The function multipatt() in the R 
package indicspecies was employed to conducted indicator species analysis, and the 
association index employed an unequal-group-corrected point biserial correlation 
coefficient.(De Cáceres et al. 2012) Abundance levels of some proteins in mutants were 
presented with heatmap plot, which was generated by the function of heatmap.2() (R 
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package: gplots), and dendrograms were plotted based on the hierarchical clustering 
function, hclust(), in R with Pearson correlation distance and average linkage method. 
RESULTS 
Overview of total non-zein endosperm proteomic evaluation 
In order to compare the abundance of non-zein proteins in opaque endosperm mutants, 
LC-MS/MS was performed. In short, the non-zein fraction from each opaque mutant and 
WT were separated by liquid chromatography coupled to tandem mass 
spectrophotometers. A total of 2762 proteins were confidently identified across all 
endosperm samples and biological replicates (Figure 1) and for each mutant the 
identification of proteins ranged from 2069 to 2469 proteins (Appendix 1, Supplemental 
Table 1). WT had the highest number of proteins identified and all mutants had a smaller 
non-zein proteome. fl2, Mc and o2 had over 90% of the WT number of proteins identified 
while fl1 and DeB30 had just less than 90%. o1 had the lowest number of proteins 
identified at 84% of WT. 
Proteome rebalancing in o2 and fl2 and impact on lysine content 
Compared to WT, increase in the ratio of non-zein proteins to zeins in o2 and fl2 results 
in increased lysine content, along with other amino acid composition changes, but no 
significant lysine increase is found in o1 (Hunter et al. 2002). The global non-zein 
abundance therefore plays an important role in the nutritional rebalancing in o2 and fl2. 
To address the relative contributions of the global quantiative non-zein increase and the 
lysine content of individual proteins to the lysine increase, we compared the lysine 
content of the most abundantly accumulating proteins in mutants and wild type. Since we 
compared non-zein proteins on a same protein weight basis between mutant and wild 
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type, this in silico comparison excludes the overall quantitative increase of non-zeins for 
proteome rebalancing mutants. For o2, these analyses showed that with the average lysine 
content of 5.91%, the lysine content is enriched in the most increased proteins and 
reduced in the most decreased proteins, ranked based on p-value. This means more 
lysine-enriched proteins are increased (Figure 2A, blue bar), and the lysine content ratio 
of top up/down proteins furthermore confirms a qualitative lysine increase in o2 (Figure 
2B, red and green bars). The identities of the top 30 most abundant proteins that are 
increased in o2, as well as the top 30 most abundant proteins that are decreased in o2 with 
respect to WT, along with their fold-changes and individual lysine content are shown in 
Appendix 1, Supplemental Table 2. 
fl2 (Figure 2C and D) shows a similar pattern of a qualitative increase in lysine content to 
o2, while o1 shows the opposite (Figure 2E and F) with almost no changes of top 20 
proteins, which is consistent with the similar lysine content between WT and o1. The 
lysine enrichment is also clearly shown by the relatively lower lysine content of proteins 
that are down-regulated in o2 and fl2 (Fig 2A and C, red bars). As for o2¸ the identities of 
the top 30 most abundant proteins that are increased in fl2 and o1, as well as the top 30 
most abundant proteins that are decreased in fl2 and o1 with respect to WT, along with 
their fold-changes and individual lysine content are shown in Appendix 1, Supplemental 
Table 2. In o2 and fl2, the trends for increase in lysine-rich proteins (Figure 2A and C, 
blue bars) and the more prominent trend for reduction in lower lysine content proteins 
(Figure 2A and C, red bars)  diminish as the number of top most abundant proteins is 
increased towards 100 and their overall abundance contributes less to the total protein. 
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The fact that o1 does not show this effect (Figure 2E, blue and red bars) is consistent with 
the fact that this mutant does not have increased lysine. Hunter (2002) showed the overall 
amino acids compositions (w/w) in kernel texture in opaque mutants, and we have 
compared our results, which only evaluate the non-zein fraction, to theirs to assess the 
qualitative contributions of non-zein proteins. The results showed that the calculated 
lysine content of the most abundant non-zein proteins in o2 and fl2 is consistent with 
previously measured lysine increase (Hunter et al. 2002), compared to WT, while in o1, 
the calculated lys content is opposite from the measured content (Figure 2B, D, and F).  
The amino acid content ratio comparisons to the previously measured amino acid content 
(Hunter et al. 2002) were extended to include other amino acids. In Figure 2B, besides 
Lys (K), Cys (C), and Val (V) with positive values of log2 ratio of up/down amino acid 
content, and Ala (A), Leu (L), Met (M), Pro (P), and Gln (Q) with negative values, are 
consistent with previous data (Hunter et al. 2002). However, with the exception of lysine, 
the same trends were not seen for other amino acids in fl2 (Figure 2D). This may mean 
that the qualitative lysine enrichment in top proteins in fl2 contributes more significantly 
to the overall lysine increase than the global increase in non-zein proteins. Interestingly, 
there are almost no amino acid content changes in Hunter et al. 2002, o1, although our 
analysis of non-zein amino acid content showed changes (Figure 2F). In any case, our 
lysine content analysis agrees with measured lysine content in o2 and fl2 and the lack 
thereof in o1. Lysine content is also increased in Mc and DeB30, while not in fl1 (Figure 
S1).  
In the top 30 proteins, few up-regulated and down-regulated proteins are shared among 
o2, fl2 and o1 (Appendix 1, Supplemental Table 2) were observed. There was a low 
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correlation of log2 fold-changes between o1 and the other mutants (R2 from -0.16 to -
0.12), with an exception of R2 = 0.06 between o1 and fl1.  
Functional annotation clustering and pathway enrichment analysis 
A large number of proteins in the non-zein fraction were identified and to determine 
which proteins were significantly enriched, a method of functional annotation clustering 
provided by the DAVID bioinformatics institute (Huang et al. 2009) was used. Listed in 
Table 1 are the top ten functional annotation clusters for total non-zein proteins ranked by 
the assigned enrichment score. The enrichment score is the negative log scale of 
geometric mean of each member's Fisher exact p-values transformed into an overall score 
for each annotation cluster. This enrichment tool is selective to proteins which have been 
annotated or for which domain-of-function information is available. Out of the 2762 
proteins, 1258 can be mapped to DAVID protein IDs. The most significant cluster 
contains proteins with RNA recognition or binding motifs. Typically proteins with RRM 
domains are ribonucleoproteins (ribosomes), transcription factors and spliceosomes 
(Mitchell et al. 2015). Importantly, ribonucleoproteins were also listed as an independent 
cluster in the top ten ranked at seven. Cellular component enrichment was prevalent for 
organelle and mitochondrial membranes. The most enriched biological processes include 
protein transport, protein folding, proteolysis and biosynthetic processes involving 
nitrogen or organic compounds.  
To investigate if any of the functional annotation clusters were specific to either an 
opaque mutant or WT, Table 2 shows the top fifty most abundant proteins, using raw 
spectral counts, for each genotype. There are 22 proteins which are shared in the top 
proteins across all samples, 20 proteins which are unique and 47 which are shared by at 
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least two. These commonly shared proteins involve the generation of precursor 
metabolites and energy including biological processes such as hexose and glucose 
metabolism, general glycolysis, biosynthesis of alkaloids, phenylpropanoids, terpenoids 
and catabolic processes of carbohydrates and alcohol. However, there is also great 
diversity in the most abundant proteins for each opaque mutant. Common trends emerge 
when looking specifically at annotated heat shock, chaperone and ATP-binding proteins 
as being highly represented in fl2, Mc and DeB30. Seed storage proteins, such as zeins, 
are also identified in the top fifty proteins for the non-zein fraction for all samples except 
o2. A cluster of 50 kDa gamma zein protein can be identified in WT, o1 and DeB30. The 
Mucronate specific, mutant 16kDa gamma zein, is only present in the non-zein fraction 
of Mc. Alpha zeins are also identified in o1 and fl1, and only once or twice in fl2 and Mc 
probably reflecting their high and lower abundance in the former and latter respectively.  
In order to identify the key pathways affected in the diverse set of opaque mutants, NSAF 
fold-change values (Appendix 1, Supplemental Table 7) compared to WT were used and 
subjected them to a Wilcoxon bin-wise statistical test as graphically represented in Figure 
3. 1489 of the total proteins identified experiment-wide could be correlated to gene 
identifiers and thus mapped. This proportion is similar to the DAVID GO cluster 
analysis. All opaque mutants except o1, have a decrease in general metabolism including 
nitrogen, amino acid, lipid, nucleotide and other secondary pathways. A general increase 
is seen for cell wall degradation, stress and redox proteins, RNA regulation and calcium 
signaling. The mutant with the least significant fold-change proteins compared to WT is 
o1. Possible increased metabolism pathways include fatty acid synthesis, aromatic amino 
acid and nucleotide synthesis. Pathway enrichment reveals three groups of opaques which 
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have similar effects on metabolism and include o2, Mc, fl2 and DeB30 which is a 
considerable contrast to that of fl1 and more pronounced differences in o1. 
Indicator species enrichment analysis for grouping of opaque endosperm mutants 
An indicator species analysis (ISA) was used to find proteins that were either unique to a 
specific mutant or were found to be enriched in differential grouping of mutants. In this 
analysis, a total of 1573 proteins were found to be present in at least one sample with a 
significant p-value less than 0.05. Twenty five percent of the evaluated proteins were 
unique to a specific genotype. The most unique set of proteins were identified in o1 and 
fl1 with 109 and 106 proteins, respectively (Table 3). In a previous study of opaque 
mutants (Hunter et al. 2002), it was shown that the more pleiotropic the effects of the 
mutation, the more diverse the transcriptome. Here, o1 and fl1 mutants, which do not 
substantially affect zein accumulation, have the highest number of unique proteins. Other 
opaque mutants with very few unique proteins include Mc and DeB30 while WT and fl2 
have intermediate numbers of unique proteins.  
Of the 109 unique o1 proteins, only 38 are functionally annotated and no significant 
biological or molecular process information is available other than protein localization 
enrichment for the cytoplasm component. The top unique proteins in o1 are 
hydroxymethylbutenyl 4-disphosphate synthase, glycine cleavage complex P-protein, 
ribonuclease 3 and a trehalose phosphatase/synthase family protein (Appendix 1, 
Supplemental Table 3). In contrast, the pleiotropic o2 mutant has seven unique proteins 
which are all defense- or stress response-related. The unique proteins with the highest 
association values with o2 include a disease resistance response protein 206, senescence-
associated protein DIN1, and a low molecular weight cysteine rich protein (LCR70). The 
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highest associated protein unique to Mc is the Mucronate specific 16kDa gamma zein-
frameshift protein and was also highlighted as one of the fifty most abundant proteins 
(Table 2). Unique proteins for fl1 are enriched for negative regulators of molecular 
function and catalytic activity of subtilase family proteins. The top five unique proteins 
identified for fl1 include purple acid phosphatase, two uncharacterized proteins, beta-
amylase and a putative glyoxalase family protein. fl2 unique proteins are mostly defense 
response-related to herbicide and temperature but are enriched for glutathione and 
oligopeptide binding motifs. Two proteins that have a higher than 90% associations to fl2 
are heat shock proteins, HSP20 and HSP70. Other unique proteins include embryonic 
abundant protein 1 and an alpha-6-galactosyltransferase. Unique proteins in DeB30 are 
enriched for glutathionylation or the addition of glutathione to cysteine residues. In the 
top proteins specific to DeB30 are multiple clusters of IN2-1 proteins whose transcripts 
are increased upon the treatment with herbicide (Hershey and Stoner 1991). It has been 
previously suggested that IN2-1 is involved in several plant stress situations and their 
function is associated with safener-induced herbicide tolerance (Farago et al. 1994). 
The highest percentages of evaluated significant protein are shared at the two grouping 
enrichment level with 574 proteins. WT and o1 share the highest number of significant 
proteins with 378 in common with one another. These shared proteins are enriched for 
vitamin B6 and GTP binding and also aminotransferase and peptidase activity but 
generally span across all metabolism pathways (Appendix 1, Supplemental Table 4).  
The UPR opaques (fl2 + Mc + DeB30) have the highest number of shared proteins for 
the three group enrichment which mostly contain protein-folding and translation-related 
proteins. The top proteins shared in this grouping are a cluster of protein disulfide 
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isomerase, uncharacterized protein with function of exocytosis, a KH domain containing 
protein, cluster of ribosomal proteins and a mitochondrial fission protein (Appendix 1, 
Supplemental Table 5).  
Six-group enrichment is quite useful because it shows proteins which are specifically 
enriched in all but one sample (Appendix 1, Supplemental Table 6). This grouping 
highlights whichever genotype is absent from the comparison has a differential 
abundance for a protein belonging to the specified grouping of genotype. The top number 
of proteins shared in this complex grouping is WT + o2 + fl1 + fl2 + Mc + DeB30 which 
include every opaque mutant except o1. One ER secretory protein identified in this 
grouping is an alpha soluble N-ethylmaleimide-sensitive factor (NSF) attachment protein 
(alpha-SNAP) which is an intracellular membrane protein that functions to help reset or 
recycle vesicle transport machinery using ATP (Eakle et al. 1988, Malhotra et al. 1988). 
In the six grouping which excludes o2 from enrichment, a central component of ER 
translocation the Sec61-beta protein is a highly significant (p-value = 0.008) protein. 
Through ISA six-group enrichment, fl1 was identified to have a lower abundance for 
indole-3-acetate beta-glucosyltransferase compared to all other genotypes. This protein is 
known to play a key role in plant hormone homeostasis and may indicate adverse 
hormone auxin signaling in the developing endosperm (Ostrowski and Jakubowska 
2014). 
Principal component analysis of non-zein proteome structure 
Principal component analysis (PCA) was used to evaluate all the proteins identified to 
visualize the internal structure or structured variability in our samples (Figure 4A). Each 
biological replication for a given genotype is evaluated and their relationship is denoted 
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by a circle inclusion. The all-protein PCA can describe 51.9% of the explained variance 
in component one, 15.1% in component two, totaling 67% of the explained variance. WT 
and o1 can be separated spatially by component one from all other opaque mutants. This 
was also supported by the two group enrichment ISA demonstrating a commonality 
between WT and o1. Component two highlights the near separation of o1 from WT with 
all other mutants but still demonstrates substantial overlap. However, when evaluating all 
proteins, Mc, o2 and DeB30 demonstrate strong variation across biological replicates.  
This variation can be reduced when limiting the evaluated proteins to include only those 
with significant fold-changes (p-value < 0.01; fold-change greater than 2 or less than 0.5). 
Thus, a second PCA explains 85.9% of the variance for the selected significant proteins 
(Figure 4B). In this PCA, o1 and fl1 are clearly separated from one another but also from 
all other samples. This indicates the proteins which show the greatest divergence from 
WT or normal levels are vastly different and unique to the opaque mutant. For o2, fl2, Mc 
and DeB30, a greater separation can be seen using only significant proteins but there is 
still substantial overlap.  
Top significant fold-change proteins in opaque mutants 
In order to compare significant fold-change protein differences between the opaque 
mutants and WT, we used NSAF normalized spectral values (Appendix 1, Supplemental 
Table 7) (Zybailov et al. 2006). Twenty proteins were identified with a p-value less than 
0.01 and fold-changes either greater than 2 or less than 0.5 compared to WT (Figure 5). 
Clustering analysis, which determines order of genotypes left to right in Figure 5 for the 
evaluated significant proteins, revealed similar results to the principal component 
analysis. o1 and fl1 cluster separately from the other mutants and the UPR opaques (fl2, 
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Mc and DeB30) are the most similar to each another. DeB30 and o2 are the most 
dissimilar from o1 and fl1 by this method of clustering. Only two of the twenty 
significant proteins are uncharacterized and have no domain of function information but 
the majority of proteins listed are for those with higher accumulation (greater than two-
fold abundance) compared to WT. 
The most general increase in protein abundance is indicated in the first five proteins listed 
but is not dramatically changed in o1. These proteins include adenosylhomocysteinase, 
cytosolic glucose-6-phosphate isomerase, nucleoside diphosphate kinase, grx_C2.2-
glutaredoxin subgroup I and a cyanate hydratase. All of the previously listed proteins can 
be grouped into general indicators of cellular stress. Adenosylhomocysteinase is involved 
in ethylene biosynthesis (Young and Gallie 2000).  A common increase in this protein in 
opaque mutants could imply a generalized increase in ethylene signaling which could 
interfere with normal endosperm maturation, perhaps through accelerated programmed 
cell death.  
Nucleoside diphosphate kinase provides fuel for membrane remodeling by generating of 
GTP from ATP (Boissan et al. 2014). This is the only significantly increased protein 
across all samples and was not identified using the indicator species analysis. 
Glutaredoxin is involved in the glutathione-ascorbate cycle and has previously been 
shown to be increased in stress conditions (Yang et al. 2014). Similarly, under sustained 
stress conditions in Arabidopsis, it has been shown that cyanate hydratase gene 
expression is increased (Qian et al. 2011). An additional stress protein, B6TIK3, was 
found to have two-fold higher accumulation in DeB30. 
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Two significantly increased proteins include Q6T5M1 (19kDa-alpha zein) and Q00LN5 
(Mucronate specific 16kDa-gamma zein) which are enriched in the non-zein fraction. 
The 19kDa-alpha is significantly increased in o1 (3.1 fold), fl1 (2.6 fold) and to a lesser 
extent DeB30 (1.2 fold). This may indicate an increased accumulation of alpha zein 
outside the confines of the hydrophobic protein body core in these mutants which could 
increase its solubility and partitioning into the non-zein fraction. In DeB30, this increase 
represents the mutant, unprocessed 19-kDa alpha zein which remains attached on the 
periphery of the protein body. This is supported since the peptides identified showed 
coverage overlap with the signal peptide in the case of DeB30 but not in the 19kD alpha 
zeins which were increased in o1 and fl1 (cleaved 19 kDa alpha zeins). As indicated by 
its presence in the top fifty most abundant proteins and enrichment analysis, a significant 
increase (7.4 fold) is seen for the Mucronate specific 16kDa gamma zein (Q00LN5). This 
increase is unique to the Mc mutant because the Mc mutation causes a frameshift as a 
result of a 38-bp deletion in the 16-kDa gamma zein gene (Kim et al. 2006). The mutant 
protein is a zein/non-zein chimera with a shorter, nonsense C-terminal sequence.  
Other significant proteins with differential abundance compared to WT include those 
involved in starch metabolism such as the cluster of glucose-1-phosphate 
adenylyltransferase (Brittle-2) an additional cluster of glucose-1-phosphate 
adenylyltransferase (Sh2) and beta-amylase. Sh2 (J7H390) has a general lower 
abundance in all mutants except for o1 which has a slight increase. Brittle-2 (Q947C0) is 
in higher abundance specifically in o1 while beta-amylase is specifically increased in fl1. 
fl1 also has a specific high accumulation for K7U1M0 and B4G218 which are not 
functionally annotated proteins. K7U1M0 has 100% sequence identity with maize 
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predicted L-gulonolactone oxidase like protein and is increased 2.5 fold over WT and all 
other opaque mutants. L-gulonolactone oxidase is involved in vitamin C synthesis which 
is a major antioxidant for cellular stress in plants (Venkatesh and Park 2014). B4G218 
has high sequence identity (84%) with foxtail millet desiccation-related PCC13-62-like 
protein and is increased 2.1 fold over all other samples. Desiccation-related PCC13-62 is 
a stress response protein which is strongly induced by abscisic acid (Piatkowski et al. 
1990). 
Flower-specific gamma-thionin is represented twice as a significant protein derived from 
two separate genes (B6SJS8 and B6SJE6). Gamma-thionins are defense related proteins 
and contain a defensin-A like motifs (Pelegrini and Franco 2005). This defense related 
protein has a large difference in abundance between the two UniProt accession 
identifiers. B6SJS8 has a higher abundance in o1 and slightly lower in Deb30 and Mc 
while fl1, fl2 and o2 show only a slight increase for this protein. B6SJE6 is of variably 
lower abundance in all mutants.  
The remaining proteins have differential abundance in all mutants but cluster between 
similar groups of opaques. 5a2 protein is annotated as a putative seed storage protein 
(B4FFB8) while low-molecular weight cysteine-rich protein LCR70 (B6SMX5) is 
involved in defense response. fl1 and o1 have a decrease in B4FFB8 and B6SMX5 and 
are increased in DeB30 and o2. Translational machinery is also differentially abundant 
across the opaque mutants. o2, Mc and DeB30 all have an increase in B4FNT1, cluster of 
elongation factor 1-delta, which is lower in fl2 and o1. Proteins which are induced by 
abscisic acid (ABA) are also represented with significant fold-changes which could 
indicate premature programmed cell death. B6T8E4 is an embryonic abundant protein 1 
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(EMP1) which seems to be specific to fl2 showing a higher accumulation. EMP1 is 
strongly induced by ABA and in rice may function as a cytoplasm protectant during 
desiccation (Litts et al. 1992). B6UI10 is the senescence-associated protein DIN1 which 
accumulates higher in o2 and at a lower abundance in fl2 and o1 and is also induced by 
ABA.(Oh et al. 1996) 
The second major cluster of proteins highlighted in Table 4 are specific to proteome 
rebalancing and thus are increased in o2, but not in, fl1 and o1. These selected proteins 
have a higher than average lysine content and most likely contribute to the overall 
qualitative increase of lysine in o2. 
 
DISCUSSION 
The objectives of this research were first, to appraise a comparison of multiple isogenic 
mutants using shotgun proteomics, second, to qualitatively evaluate proteome rebalanced 
proteins to address their contribution to increased lysine content and third, to screen for 
common proteins, apart from zeins, that are necessary for vitreous endosperm formation 
during kernel maturation. In all of the opaque mutants studied, the molecular basis of the 
mutation has been identified along with the effect on protein body composition (Mertz et 
al. 1964, Soave and Salamini 1984, Schmidt et al. 1990, Kim et al. 2003, Kim et al. 2006, 
Coleman et al. 1997, Gillikin et al. 1997, Holding and Larkins 2006, Holding et al. 2007, 
Wang et al. 2012). However, the possible existence of common, zein unrelated pathways 
or gene products linked to opaque endosperm formation in all mutants has remained 
unknown. Disruption in such a common mechanism could help to explain the opaque 
phenotype in mutants where quantitative or qualitative changes in zeins do not exist but 
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cellular stress remains.  
Validity of shotgun proteomic normalization approach to study opaque endosperm 
mutants 
Label-free mass spectrometry is not considered quantitative because the composition of 
peptides can affect ionization efficiency. However, label-free proteomics can be used to 
identify relative protein abundance within a complex sample using well-characterized 
normalization methods such as: absolute protein expression (APEX), normalized spectral 
abundance factor (NSAF), and exponentially modified protein abundance index (emPAI) 
and have been reviewed recently (Arike and Peil 2014). The data was normalized using 
NSAF because it is the most reproducible for spectral count normalization across 
technical and biological replications compared to emPAI (McIlwain et al. 2012). 
However, there are many conflicting reports about which spectral count normalization 
algorithm is preferable (Ahrné et al. 2013, Arike et al. 2012, Trudgian et al. 2011). 
Current label-free LC-MS/MS proteomic studies in plant biology is limited and this 
technique is not widely used. This study generated biological insights about endosperm 
opacity across a diverse set of opaque mutants through multiple statistically significant 
enrichment analyses. For example, the Mucronate specific 16kDa alpha-zein protein 
which was identified as one of the top fifty most abundant proteins, was enriched in the 
indicator species analysis uniquely in Mc and quantified using NSAF to have a 7.4 fold 
increase over not only WT, but also over all other opaque mutants. This particular zein 
protein example supports our label-free proteomic approach, subsequent normalization 
algorithm and data analysis pipeline and provides confidence in any non-zein protein 
changes reported.  
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Using LC-MS/MS shotgun proteomics we identified approximately 2700 total proteins. 
The WT non-zein fraction had the most identified proteins (~2500) while all other 
mutants were less than or equal to 95% of that (Figure 1). Total protein concentration was 
standardized before liquid chromatography and indicates that protein diversity may be 
reduced in mutants. The reduction of the mutants’ non-zein proteome may also be an 
indicator that only specific proteins are being increased or decreased, possibly below 
detection limit, in order to compensate for the proposed cellular stress. 
Amino acid compositional changes in non-zein proteome as result of proteome 
rebalancing 
When comparing non-zein proteins on a same protein weight basis, and not factoring in 
the known differences in zein to non-zein ratio, our amino acid content analysis 
suggested the discrete contributions of both up-regulated and down-regulated proteins 
play a significant role in qualitative lysine content increases in o2 and fl2. The fact that 
the amino acid content ratios for the top most abundant non-zeins is consistent with 
amino acid measurement for some amino acids in o2 is likely a reflection of the large 
global increase in the proportion of all non-zein proteins. However, this trend only holds 
true for lysine in fl2 and not for other amino acids which may be strongly affected by zein 
accumulation. Interestingly, the decrease in zeins and increase in non-zeins is less 
significant in fl2 than it is in o2. This suggests that qualitative differences in key lysine-
rich proteins may play a greater role in lysine improvement in fl2, than global increase in 
non-zeins. For o1, a mutant that neither increases lysine content nor rebalances the 
proteome, there is no correlation between the calculated amino acid content of the most 
abundant proteins and the previously measured amino acid contents. 
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Enriched annotations and over-represented pathways in specific opaque mutants 
The total non-zein proteome for opaque mutants is enriched for proteins involved in 
many diverse biological processes. One of the most common enrichments found in the 
functional annotation analysis was for proteins containing RNA recognition motifs which 
include ribonucleoproteins (ribosomes) and transcription factors. 20 DAP kernels which 
are known to be at the peak of their general transcription and translation (Kodrzycki et al. 
1989) were analyzed. However, it was surprising that ribosomal proteins did not show 
significant fold-changes in the mutants compared with WT since fl2, Mc and Deb30 are 
known to have generalized translational repression as a result of ER stress and induced 
UPR (Hunter et al. 2002). It was also surprising that eukaryotic elongation factor 1 delta 
(EF1-delta) was increased 2.1-, 1.6- and 1.7-fold over WT in DeB30, Mc and o2 (Figure 
5). It is known that by phosphorylating eIF2-alpha which occurs upon activation of UPR, 
suppresses downstream transcription (Ron 2002). This may indicate that in those specific 
mutants, there is a compensation mechanism for loss of transcription activity through 
EF1-delta for loss of transcription activity. The most enriched biological processes 
included protein transport, protein folding, proteolysis and biosynthetic processes 
involving nitrogen or organic compounds. Since the majority of identified proteins were 
from membrane components, it is not surprising that protein transport is highlighted as an 
enriched process. Cellular stress has been previously identified in the endosperm of all 
opaque mutants (Hunter et al. 2002) and plant cells can control their stress by either 
increasing quality control mechanisms or degrading the protein. Proteins involved in 
protein-folding and proteolysis were two classes of enriched proteins. 
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Principal component analysis of internal structure of opaque endosperm mutants 
non-zein proteome 
The underlying structure of each mutant’s non-zein proteome is shown using PCA of 
total proteins identified and also, proteins with significant fold-changes compared to WT 
(Figure 4A and B). It is apparent that o2, Mc, fl2 and DeB30 have very similar non-zein 
proteomes and may indicate that such similarity is the result of their similarities in zein 
content changes. In o1, where zein content is not significantly affected, a clear separation 
from other samples is generated using total proteins identified and also using significantly 
changed proteins. However, it is interesting that in order to see separation of fl1 from the 
other opaque mutants, significant fold-change proteins must be considered.  fl1 does 
show an overlap of total proteins identified with the mutants which have zein quantitative 
or qualitative changes but has a unique set of significant fold-change proteins.  
Model for stress-driven opacity in selected endosperm mutants 
To help explain the cellular stress that occurs in all opaque endosperm mutants, and what 
impact it may have on the subsequent secretory pathway, a model is shown in Figure 6. 
Speculation in the model is based upon results from the pathway and ISA enrichment and 
significant fold-change analysis in Figure 3, Table 3 and Figure 5. For secretory proteins, 
the pathway begins at the endoplasmic reticulum membrane if a signal peptide specifies 
co-transcriptional importation to the ER lumen. Alternatively, if the mRNA is missing the 
sequence encoding the signal peptide, it is translated in the cytosol and targeted to the 
plasma membrane (Chrispeels 1991). Forward trafficking after the ER is mediated by the 
coat protein complex II (COPII) while reverse transport from Golgi to ER is mediated by 
COPI (Barlowe 2002, Shima et al. 1999). Each of the vesicle fusion steps between the 
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Golgi and ER is mediated by vesicle transport machinery. At the surface of the 
membrane is a SNARE protein (soluble N-ethylmaleimide-sensitive factor attachment 
protein receptor) which cannot act alone in mediating proper fusion (Eakle et al. 1988, 
Malhotra et al. 1988). Two additional general factors needed are NSF (N-ethylmaleimide-
sensitive factor) and alpha-SNAP (soluble NSF attachment protein) for proper integration 
to designated cellular compartment (Eakle et al. 1988, Malhotra et al. 1988). o1 was 
shown through ISA enrichment to have a lower abundance of alpha-SNAP which may 
indicate that there are downstream trafficking problems which in turn cause cellular stress 
through improper transport and delivery of essential developmental proteins to the Golgi 
or plasma membrane (Figure 6A). Since myosin has been previously shown to regulate 
exocytosis (Bi et al. 1997), it is possible that a knock-on effect occurs in o1 because of a 
deficient myosin XI protein which inhibits Golgi movement (Wang et al. 2012). 
o2 may also have a trafficking problem which begins earlier in the secretory pathway 
than in o1 (Figure 6B). ISA enrichment indicated a low abundance for Sec61-beta protein 
which is the central component for bi-directional transport to and from the ER 
(Zimmermann et al. 2011). Sec61 is also a direct target for the O2 transcription factor (Li 
et al. 2015). It is possible, since o2 has a much less pronounced UPR than fl2, Mc and 
DeB30 (Hunter et al. 2002), that the limitation directly results in a lower ability to load 
transcripts into the ER or even translocate terminally misfolded proteins to the 26S 
proteasome. o2 was determined through ISA enrichment to have unique protein 
associations with senescence-associated protein which in Arabidopsis is strongly induced 
by phosphate starvation (Wu et al. 2003). This possible phosphate starvation in the 
endosperm may also contribute to the lower enzyme activity of pyrophosphate-dependent 
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phosphofructokinase which has previously been reported in o2 (Guo et al. 2012). 
The UPR opaque mutants (fl2, Mc, and DeB30) have the highest number of shared 
proteins for the three-group enrichment which are enriched for protein-folding and 
translation-related proteins.  Key proteins increased are cluster of protein disulfide 
isomerase (PDI), a KH domain containing protein, cluster of ribosomal protein and a 
mitochondrial fission protein. A common UPR in the selected opaque mutants was 
validated using proteomics. The increase in mitochondrial fission protein may serve to 
increase available ATP for the chaperones and heat shock protein increase compensation 
(Merrill and Strack 2014). The extent and extended duration of UPR may in fact be 
enough stress to trigger endosperm opacity (Figure 6C). 
Induced UPR in the ER lumen has been shown to produce ROS and over long exposures 
can lead to apoptosis (Malhotra et al. 2008). It is therefore possible that the normal, 
centrally emanating pattern of endosperm programmed cell death (Young and Gallie 
2000) could be disrupted or accelerated in opaque mutants exhibiting an elevated UPR. 
This in turn could lead to opacity through early disruption of normal cellular metabolism 
in the endosperm. Figure 6D explains how protein folding affects ROS production. Upon 
import to the ER lumen the unfolded protein is immediately acted upon by PDI which 
aids in the formation of properly folded proteins through disulfide bonds which releases 
reactive oxygen species (ROS) in the process. If a protein is misfolded, it is bound by 
BiP, a heat shock protein, which consumes ATP. An increase in BiP will increase ROS 
production because it is a byproduct of ATP synthesis from mitochondrial oxidative 
phosphorylation (Huttemann et al. 2007). Glutathione may also be consumed during the 
reduction of improper disulfide bonds in misfolded proteins (Malhotra et al. 2008). This 
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process seems to be affected in fl1. fl1 is uniquely enriched for purple acid phosphatase,  
a glyoxylase family protein and has significant fold-changes for a L-gulonolactone 
oxidase (enzyme which produces ascorbate). All of the aforementioned proteins can 
contribute to the ascorbate-glutathione pool and act as antioxidants (Yang et al. 2014, 
Zhang et al. 2008, Sanahuja et al. 2013). Recently, in green algae, it has been shown that 
redox imbalance caused by oxidative stress participates in the control of autophagy 
(programmed cell death) in response to ER stress (Perez-Martin et al. 2014). In 
Arabidopsis, ER stress triggers ROS signaling and regulates the antioxidant defense 
(Ozgur et al. 2014). Therefore, an increase to the ascorbate-gluathione pool supports the 
ROS scavenging capacity during ER stress (Ozgur et al. 2014). This suggests that fl1 may 
be able to lessen the extent of UPR through an increase of antioxidant proteins (Figure 
6E). 
CONCLUSIONS 
Lysine increase in o2 has been most substantially attributed to the quantitative increase of 
the non-zein proteins due of the general reduction of zeins. However, our data suggest 
that qualitative changes to the o2 non-zein proteome are very significant in contributing 
to the overall increase in lysine. This qualitative change may also partly explain why 
some opaque mutants, which do not demonstrate a substantial increase in non-zein 
proteins such as fl2, Mc and DeB30, have an increase in lysine but not to the same extent 
as o2. Although most of the data reported relate to non-zein proteins, fl1 and o1 show 
significant increases in 19kDa alpha zein (Figure 5). This may be due to increased 
solubility as a result of increased accumulation of this protein on the periphery of the 
protein body which in itself may contribute to the opacity in fl1 and o1. Simple reduction 
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of zein abundance or their misplacement are the most common causes of opacity and 
have been thoroughly described elsewhere. To account for opacity where zeins are not 
affected, it seems that there is not one specific cause common in all opaque mutants. 
However, improper trafficking either upon loading or unloading from the ER membrane 
(o2, fl2, Mc, and DeB30) may cause cellular stress which could invoke opacity in a 
different way. 
ACCESSION CODES 
The mass spectrometry proteomic data have been deposited into the ProteomeXchange 
Consortium (http://proteomecentral.proteomexchange.org) via the PRIDE partner 
repository (Vizcaíno et al., 2013) with the dataset identifier PXD002379. All other 
supporting information is in appendix 1. 
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CHAPTER 3 MULTIMEDIA OBJECTS: 
 
Figure 3.1 Total proteins identified in all opaque mutants. A total of 2762 proteins 
were identified by LC-MS/MS in the non-zein fraction of the maize endosperm. The 
number of proteins identified in each sample is shown and the molecular basis of the 
mutation for each opaque is given for reference. W64a WT has the most identifiable 
proteins followed by fl2, Mc, o2, fl1, DeB30 and o1.  
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Figure 3.2 Amino acid content analysis in non-zein proteins for o2, fl2 and o1 
compared to WT. (A, C and E). Lysine (K) content was calculated for top significant 
up-regulated and down-regulated proteins in o2 (A), fl2 (C) and o1 (E), compared to WT. 
Average lysine content of the most up-regulated (Up, blue) and down-regulated (Down, 
red) proteins, (Average, green) all proteins are compared from top 10 to top 100. The 
lysine content in o2 and fl2 is consistent with the previous lysine increase (Hunter et al. 
2002), while the one in o1 shows lysine decrease. (B, D and F). Log2 ratio of amino acid 
content was calculated by log base 2 calculation of the ratio between average amino acid 
content of up-regulated proteins to average amino acid content of down-regulated 
proteins, in comparison of genotypes and WT, and positive values indicate more 
contribution of significantly changed non-zein proteins to the ultimate amino acid content 
increase, while negative values for more contribution to amino acid content decrease. The 
amino acid content data (blue, in percent protein, w/w) in o2 (B), fl2 (D) and o1 (F) from 
Hunter et al. 2002 is added to show the fitness of our top 10 (red) and top 20 (green) 
proteins’ results. Amino acid abbreviations are shown in alphabetical order, and Hunter et 
al. 2002 Glx was placed on both Glu (E) and Gln (Q). 
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Figure 3.3 Protein over-representation analysis of opaque endosperm mutants. 
PageMan graphical visualization of enriched pathways for each opaque mutant and 
corresponding fold-change values compared to WT. Red boxes indicate increased 
abundance for proteins belonging to a specific function or annotation bin of the 
corresponding mutant while blue indicates a lower abundance. 
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Figure 3.4 Principal component analysis (PCA). (A) PCA of all proteins identified 
experiment-wide. (B) PCA evaluating only proteins with significant fold-changes (p-
value < 0.01; fold-change greater than 2 or less than 0.5) compared to W64a WT. 
 
Figure 3.5 Heat map of significant fold-changed proteins in mutants compared to 
W64a WT. Proteins are color coded by fold-change ratio values to wild type. Red boxes 
indicate increased abundance in corresponding mutant while blue indicates a lower 
abundance in the mutant. Dynamic range is from 7.4 to 0.2 fold-change to WT where a 
value of 1 means equal abundance. Italics protein names indicate an uncharacterized 
protein which is annotated with significant blastp homology search identifier. 
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Figure 3.6 Diagram of key proteins affected in the opaque endosperm mutants and 
location in the ER secretory pathway. ER secretory pathway starts with a translating 
ribosome co-translationally importing a peptide into the ER lumen through the Sec61 
transmembrane pore. The peptide is immediately folded by chaperones. If protein is 
designated for transport, vesicles are moved to the Golgi by COPII. All vesicle fusion 
events are mediated by SNARE, SNAP and NSF proteins. A vesicle can also be 
transported from the Golgi back to the ER which is mediated by the COPI. Box A 
highlights a possible slowed downstream vesicle transport after the ER in o1 due to a 
lower abundance alpha-SNAP. Box B shows that ER loading and/or retrotranslocation in 
o2 may be slowed due to lower abundance of Sec61. Box C highlights the general UPR 
for fl2, Mc, and DeB30 which by itself may be enough to cause opacity. Box D 
demonstrates how ROS is normally produced through protein folding which may lessen 
the glutathione pool. Box E specifically highlights how fl1 may have a lessened UPR due 
to increase in antioxidants such as ascorbate and glutathione which scavenge ROS in the 
ER lumen. 
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Table 3.1 Ten highest functional annotation clusters for all proteins identified in 
maize non-zein endosperm fraction.   
  
GO Category Functional Annotation Term Protein Count P-Value or Database 
Annotation Cluster 1 
Enrichment Score: 4.47 
SMART RRM (RNA-Recognition Motif) 35 2.50E-06 
INTERPRO Nucleotide-binding, alpha-beta plait 35 1.00E-04 
INTERPRO RNA recognition motif, RNP-1 35 1.50E-04 
Annotation Cluster 2 
Enrichment Score: 4 
Biological Process intracellular transport 28 4.30E-06 
Biological Process intracellular protein transport 24 9.20E-06 
Biological Process cellular protein localization 24 1.60E-05 
Biological Process cellular macromolecule localization 24 1.60E-05 
Biological Process protein transport 34 1.80E-03 
Biological Process establishment of protein localization 34 1.80E-03 
Biological Process protein localization 34 3.20E-03 
Annotation Cluster 3  
Enrichment Score: 3.5 
Cellular Component mitochondrial part 29 4.30E-07 
Cellular Component organelle envelope 26 5.60E-06 
Cellular Component Envelope 26 9.00E-06 
Cellular Component organelle membrane 33 1.30E-05 
Cellular Component mitochondrial membrane 22 6.00E-05 
Cellular Component mitochondrial envelope 22 1.50E-04 
Protein Keyword mitochondrion inner membrane 7 3.80E-04 
Cellular Component mitochondrial inner membrane 16 3.30E-03 
Cellular Component organelle inner membrane 16 4.10E-03 
Annotation Cluster 4 
Enrichment Score: 3.24 
Biological Process Proteolysis 65 2.10E-07 
Molecular Function peptidase activity 50 3.20E-04 
Molecular Function peptidase activity, acting on L-amino acid peptides 45 7.80E-04 
Protein Keyword Protease 21 2.80E-02 
Molecular Function endopeptidase activity 27 4.30E-02 
Annotation Cluster 5 
Enrichment Score: 3.15 
Biological Process nitrogen compound biosynthetic process 48 3.60E-05 
Biological Process cellular amino acid biosynthetic process 22 1.10E-03 
Biological Process amine biosynthetic process 23 1.70E-03 
Biological Process organic acid biosynthetic process 32 1.70E-03 
Biological Process carboxylic acid biosynthetic process 32 1.70E-03 
Annotation Cluster 6 
Enrichment Score: 3.13 
Biological Process protein folding 29 8.10E-06 
Protein Keyword Chaperone 15 3.30E-03 
Molecular Function unfolded protein binding 15 1.50E-02 
Annotation Cluster 7 
Enrichment Score: 3.03 
SMART Sm 9 1.80E-04 
INTERPRO Like-Sm ribonucleoprotein, eukaryotic and archaea-
type 
9 6.50E-04 
INTERPRO Like-Sm ribonucleoprotein, core 9 8.80E-04 
Protein Keyword viral nucleoprotein 8 7.60E-03 
Annotation Cluster 8 
Enrichment Score: 2.91 
INTERPRO Universal stress protein A 8 2.00E-04 
INTERPRO Rossmann-like alpha/beta/alpha sandwich fold 14 2.20E-03 
INTERPRO UspA 8 4.30E-03 
Annotation Cluster 9 
Enrichment Score: 2.66 
Biological Process Proteolysis 65 2.10E-07 
Biological Process protein catabolic process 29 3.40E-05 
Biological Process cellular protein catabolic process 26 8.10E-05 
Biological Process proteolysis involved in cellular protein catabolic 
process 
26 8.10E-05 
Biological Process macromolecule catabolic process 32 1.60E-04 
Biological Process cellular macromolecule catabolic process 26 1.80E-04 
Biological Process modification-dependent macromolecule catabolic 
process 
22 5.10E-04 
Biological Process modification-dependent protein catabolic process 22 5.10E-04 
Protein Keyword ubl conjugation pathway 12 8.70E-04 
Protein Keyword Ligase 19 2.70E-03 
SMART UBCc 10 1.30E-02 
INTERPRO Ubiquitin-conjugating enzyme, E2 10 3.70E-02 
INTERPRO Ubiquitin-conjugating enzyme/RWD-like 10 4.10E-02 
Annotation Cluster 10 
Enrichment Score: 2.48 
Cellular Component membrane-enclosed lumen 15 3.40E-04 
Cellular Component mitochondrial matrix 7 1.20E-03 
Cellular Component mitochondrial lumen 7 1.20E-03 
Cellular Component intracellular organelle lumen 12 4.70E-03 
Cellular Component organelle lumen 12 4.70E-03 
The enrichment score is the negative log scale of geometric mean of each member's Fisher exact p-values 
transformed into a score within the annotation cluster. An enrichment score of 1.3 is equivalent to a non-log 
scale p-value of 0.05. 
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Table 3.2 Fifty most abundant endosperm proteins represented in each sample 
based upon raw spectral counts.  
UniProt 
ID Protein ID WT o1 o2 fl1 fl2 Mc 
De- 
B30 
B4FT23 Cluster of 14-3-3-like protein               
P19023 Cluster of ATP synthase subunit beta, mitochondrial               
B6U0S1 Cluster of Elongation factor 2               
B4FAL9 Cluster of Fructose-bisphosphate aldolase               
C4J410 Cluster of Heat shock protein1               
B6T0T2 Cluster of Histone H2A               
B4FZU8 Cluster of Malate dehydrogenase               
C5XX52 Glyceraldehyde-3-phosphate dehydrogenase               
B6UFB3 Cluster of Stromal 70 kDa heat shock-related protein                
Q43706 Cluster of Sucrose synthase                
C0PE24 Cluster of Triosephosphate isomerase                
B6SHW9 Cluster of Ubiquitin fusion protein                
B4F832 Cluster of mitochondrial transfer protein               
C5YYR1 Cluster of Actin1 protein               
B6U9S6 Cluster of APx1-Cytosolic Ascorbate Peroxidase               
P26301 Cluster of Enolase 1               
Q946V2 Cluster of Legumin 1               
B4G0K4 Cluster of Phosphoglycerate kinase               
A5A5E7 Cluster of Protein disulfide isomerase               
K7UZT6 Cluster of Pyruvate, phosphate dikinase 2                
B6TEC1 Cluster of Sorbitol dehydrogenase                
C0P455 Cluster of Ribosomal protein                
B4FZZ2 Cluster of Peptidyl-prolyl cis-trans isomerase               
C0PHR4 Cluster of Adenosylhomocysteinase               
Q43298 Cluster of Chaperonin CPN60-2, mitochondrial               
B6T3P9 Enolase               
P24067 Cluster of Luminal-binding protein 2               
C5XBK5 Cluster of Elongation factor 1-alpha               
B4FAD9 Cluster of UTP-glucose-1-phosphate uridylyltransferase               
P93804 Cluster of Phosphoglucomutase, cytoplasmic 1               
J7H390 Cluster of Glucose-1-phosphate adenylyltransferase               
C5Z8X0 Cluster of Translational initiation factor eIF-4A               
O82443 Cluster of Alanine aminotransferase               
B6SH97 Cluster of 2-isopropylmalate synthase B               
K7VDQ8 Cluster of Tubulin beta-7 chain isoform 1                
C0HHU2 Cluster of 2,3-bisphosphoglycerate-independent phosphoglycerate mutase               
Q947C0 Cluster of Glucose-1-phosphate adenylyltransferase               
B6UH16 Cluster of Globulin               
B4F9T3 
Cluster of carboxyvinyl-carboxyphosphonate 
phosphorylmutase               
C4J4W3 Cluster of Heat shock protein               
B6T7J7 Cluster of Serine hydroxymethyltransferase                
B6U2K4 Cluster of Histone H2B.1               
P25892 Cluster of Ribosome-inactivating protein 9                
B4FNT1 Cluster of Elongation factor 1-delta 1               
B4FFH8 Cluster of Adenosine kinase 2               
C5XTD4 Cluster of Starch branching enzyme Iib               
C0PC62 Cluster of Ketol-acid reductoisomerase               
Q09HU3 Cluster of Trypsin inhibitor (Fragment)                
C0P381 Cluster of 50kDa Gamma zein                
Q43264 Cluster of Alcohol dehydrogenase 1               
P06677 Cluster of Zein-alpha 19C2                
B8A3D0 Cluster of Heat shock protein               
B4FFB8 5a2 protein                
A8HNF3 Cluster of Z1A alpha zein protein (Fragment)                
B6TNF1 Cluster of Calnexin               
C0PK05 Cluster of Putative glyoxalase family protein               
??
?
98 
B8A377 Cluster of Cysteine synthase               
C5X3T9 Cluster of Heat shock protein               
C5Z529 Cluster of Elongation factor 1-gamma 3               
P33627 Cluster of Tubulin alpha-6 chain                
K7URE0 Cluster of Aconitate hydratase               
B8A1R8 Cluster of 5-methyltetrahydropteroyltriglutamate-homocysteine methyltransferase               
C0HHC4 Cluster of Nucleoside diphosphate kinase               
B6UGM2 Cluster of Putative uncharacterized protein                
C5YMX6 Cluster of 60S ribosomal protein               
B6SJ53 Cluster of Alpha zein               
A0A096T
RE5 Cluster of Putative alpha-glucosidase               
B6T1T9 Cluster of Histone H4               
Q5EUD5 Cluster of Protein disulfide isomerase                
C5Y2Y8 Cluster of Clathrin (Fragment)                
B4FQM2 Cluster of Pyrophosphate-fructose 6-phosphate 1-phosphotransferase               
B6SS31 Cluster of Ricin B lectin domain containing protein               
Q6T5M1 Mutant 19 kDa S15P alpha-zein ***                
B6TFX9 Cluster of Legumin-like protein               
C5Z2J6 Cluster of Catalase               
C0HF77 Cluster of Serine-type endopeptidase activity protein               
P04698 Cluster of Zein-alpha PZ22.3                
K7TNK3 Uncharacterized protein                
K7U1M0 L-gulonolactone oxidase like protein               
Q9SYS1 Beta-amylase                
Q5NKS5 Cluster of Granule-bound starch synthase               
B6SLF6 Cluster of Antimicrobial peptide MBP-1               
B4FBY6 Cluster of Caffeoyl CoA 3-O-methyltransferase               
B8A0P3 Cluster of Endoplasmin               
O81638 Pullulanase-type starch debranching enzyme                
B6U4A3 Cluster of Heat shock 70 kDa protein               
B6T379 Cluster of 40S ribosomal protein S15               
Q00LN5 Cluster of Mucronate mutant 16 kDa gamma zein                
K7TV56 Cluster of Carbonyl reductase 1               
Clustered proteins indicate multiple proteins containg similar peptides which could not be differentiated based on 
MS/MS analysis alone. Italic protein IDs indicate an uncharacterized protein which was annotated using blastp if a 
significant hit was returned otherwise the given domain of function information is given. Grey boxes indicate protein 
presence in the top fifty most abundandant proteins using raw spectral counts while white boxes indicates absence. 
*** indicate mutant 19 kDa S15P alpha-zein presence in o1 is actually the cleaved version of 19 kDa alpha-zein. 
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CHAPTER 4 
ANALYSIS OF PROTEOME REBALANCING IN SELECTED B73 MAIZE 
DELETION MUTANTS 
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ABSTRACT 
Prolamin (zein) deposition in ER-derived protein bodies is not completely understood. It 
is known that all zein classes must be present in proper stoichiometric ratios to create 
normal vitreous kernel texture. Vitreous kernel texture and high zein accumulation is 
almost always correlated with poor protein quality. There is an inverse relationship 
between the lysine devoid prolamins and non-zein proteins which are collectively richer 
in lysine. Through a combination of deletion mutagenesis and functional genomics 
causative genes involved in vitreous endosperm texture, as well variants with proteomes 
rebalanced towards improved endosperm protein quality have been identified. The 
heritability of approximately 600 mutant M2 lines have been tested and propagated to the 
M3 generation. Through semi-quantitative SDS-PAGE kernel profiling and quantitative 
protein analysis of 27 lines have either a rebalanced proteome or a general increase in 
non-zein proteins. The majorities of the M3 mutant kernel phenotypes are small kernel 
and/or opaque endosperm mutants. Future work will test the proposal that most of the 27 
candidate lines will demonstrate an overall lysine content increase using amino acid 
profiling. This will be used as a screening tool to prioritize deletion mutants for future 
functional genomics efforts. 
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MATERIAL AND METHODS 
Gamma-radiation mutagenesis of B73 population 
B73 wild-type seed were treated in batches of 15 seeds to determine appropriate dosage 
of gamma-radiation ranging from 15 to 45 Kr (kilo Rads). Germination was significantly 
below 100% at 30Kr and significantly retarded emergence was demonstrated at 35Kr. 
Radiation dosage was set at 30Kr to achieve a balance between acceptable germination 
and mutation load. Approximately 4400 kernels were irradiated and planted in 2012 field 
at University of Nebraska-Lincoln east campus farm.  
M2 phenotyping and heritability testing 
Dominant kernel phenotypes emerge in the M2 MB73 population of approximately 1800 
lines. The first 600 lines were propagated in the 2013 field from which 100 tentative 
hemizygous mutant lines were selected for heritability testing. Candidate opaque and 
small kernel phenotypes were screened for zein and non-zein profiling by SDS-PAGE. 
Candidate lines demonstrating an increase in non-zein fraction visualized by SDS-PAGE 
were quantified using BCA protein assay kit (Pierce #23225). 
M3 phenotyping and heritability testing 
Dominant small kernel and opaque candidates identified in the M2 were propagated to 
the M3 generation in the 2014 field and were screened for retention of phenotype and 
additional kernel profiling by SDS-PAGE. Candidate lines demonstrating a relative 
increase in the non-zein fraction as visualized by SDS-PAGE were quantified using BCA 
protein assay kit. 
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Kernel profiling by SDS-PAGE and BCA protein assay kit 
A single mature kernel from each candidate mutant line was ground into fine flour using 
a Wiggl Bug dental amalgamator (steel ball mill). 50mg (+/- 0.1mg) of kernel flour was 
used to fractionate zein and non-zeins on the principle of differential alcohol solubility 
(Wallace et al., 1990). Equivalents of 0.3mg of flour were loaded and separated by 12.5% 
acrylamide SDS-PAGE gel run using the Mini-protean system (Bio-Rad) according to 
standard protocols. SDS-PAGE gel was stained using coomassie brilliant blue and 
destained in multiple washes. Total protein, zein and non-zein fraction was quantified 
using bicinchoninic acid (BCA) and for the colormetric detection, absorbance was 
measured at 562nm according to manufacturer instructions. 
F1 and F2 outcrosses to Mo17 for subsequent BSA mapping analysis  
M2 and M3 candidate lines were outcrossed to Mo17 the subsequently self-pollinated to 
the F2 to generate mapping populations. The F2 mapping populations will be used to map 
the causative mutation to a chromosomal bin location using a Bulked Segregant Analysis 
(BSA) method that relies on SNP detection in mutant and non-mutant pools using RNA-
seq reads (BSR-seq) (Liu et al., 2012). Obtained map positions will be used as a guide for 
further functional genomic analysis. 
RESULTS AND DISCUSSION 
The candidate line detection strategy for identifying and prioritizing deletion mutants is 
outlined in Figure 4.1. In short, we used gamma-radiation to irradiate 4400 B73 seed at a 
dosage (30Kr) which lowered germination rates to approximately 80% without causing 
dramatic germination delay. 2893 kernels germinated in the M0 generation and resulted 
in 1793 M1 ears constituting 61% of germinated plants. We propagated the M2 
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generation (5-15 plants for each line) during two separate field seasons. The first 600 
lines creating the M2 population were planted in 2013 and propagated to the M3 in the 
greenhouse and 2014 field. The second set of 1200 lines to create an additional M2 
population was planted in the 2014 field and heritability tests are ongoing.  
Since the ear and tassel initial cells are already differentiated and separated in the mature 
embryonic shoot apical meristem of the maize seed (Poethig et al., 1986), dominant 
mutations will first be observed in the M2 generation (hemizygous for mutation) while a 
recessive mutation will not appear until the M3. In the M2 generation, we tested more 
than 100 putative seed mutants for changes in the zein or non-zein proteome. The 
majority of seed mutants were classified as either small kernel and/or opaque mutants 
(Figure 4.2). In the M2 generation, we tested 57 fully viable mutants while the remaining 
59 lines were either seed or seedling lethal.  Figure 4.3 shows selected M2 putative 
dominant mutants for increased non-zein fraction compared to B73 wild-type. Some lines 
show proteome rebalancing or an increase in non-zeins in addition to a decrease in zeins. 
These opaque mutants are highest priority for amino acid profiling since they are the ones 
most likely to have an increase in lysine and tryptophan content.  
Of the first 600 lines which were propagated to the M3 generation, the majority of 
phenotypes belong to the opaque and/or small kernel classes. However, most putative 
mutants in the M2 generation were not observed to the M3 generation.  Only 15 
confirmed small kernel and/or opaque lines tested in the M2 were also apparent in the 
M3. However, the M3 generation produced additional candidates for increased non-zein 
fraction through kernel profiling (Figure 4.4). 
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Total protein, zein and non-zein fraction of the M3 SDS-PAGE candidates’ were 
quantified using a BCA protein assay kit to prioritize mutant lines with the highest 
increase in non-zeins or total protein. In the first 600 lines tested, 27 candidate lines have 
been identified with either an increase in non-zeins, or increase in non-zeins coupled with 
a decrease in zeins or a full opaque kernel phenotype (Table 4.1). Approximately 50 
candidate mutants are expected when testing the remaining 1200 M2 lines. 
Currently, our work has focused on phenotyping and heritability testing of the 
mutagenized B73 population. In future, all identified mutants from the mutagenized 
population will address two key areas. Firstly, to identify processes which control kernel 
filling and ultimately proper kernel maturation. Secondly, to identify factors involved in 
proteome rebalancing to improve kernel protein quality. The purpose of this specific 
mutagenized population is for functional genomics targeting seed quality traits. Ongoing 
work will include mapping causative mutations to a chromosome bin through BSA 
mapping in order to guide further functional genomic profiling including exon-capture 
DNA-seq and RNA-seq. 
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CHAPTER 4 MULTIMEDIA OBJECTS: 
 
Figure 4.1. MB73 mutagenesis scheme and subsequent candidate identification for 
amino acid profiling. 
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Figure 4.2. Examples of M2 seed and seedling phenotypes generated by gamma-
radiation of B73. (A) M2 seed phenotypes of small kernel (smk) and opaque (op) mutant 
class and resulting (B) viable mature plant phenotype. (C) M2 lethal seedling phenotypes 
of white, chlorophyll or carotenoid deficient, yellowing of leaves and improper seedling 
architecture.  
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Figure 4.3. Kernel light box phenotypes and protein profiles of selected MB73 M2 
deletion mutants. Each zein and non-zein fraction loaded represents 0.3 mg kernel flour. 
Numbers 1-9 refer to mutant line numbers: 1022, 1569, 958, 1000, 904, 816, 102, 425, 
and 876 respectively. Bolded line numbers indicate seed and plant phenotype in Figure 
4.2 
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Figure 4.4. Kernel light box phenotypes and protein profiles of selected MB73 M3 
deletion mutants. Each zein and non-zein fraction loaded represents 0.3 mg kernel flour. 
Numbers 1-9 refer to mutant line numbers: 16, 146, 183.1, 262, 322, 56, 306, 437, and 
989, respectively.   
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Table 4.1. Total protein, zein and non-zein kernel fraction quantification compared 
to B73 WT of heritable opaque and small kernel MB73 M3 deletion mutants.  
  FOLD CHANGE TO B73 
Line Phenotype Total Protein Zein Non-Zein 
16 smk 1.36 0.97 1.9 
56 narrow 0.66 0.87 1.42 
146 shrunken 0.93 1.05 2.13 
183.1 rgh op 0.91 1.09 1.72 
256 dom op 0.48 0.98 1.4 
262 full op 0.7 0.94 1.81 
306 smk 0.61 0.88 1.35 
322 smk 0.53 1.04 1.81 
343 smk 0.4 1.33 1.2 
414 full op 0.41 1.1 1.21 
544 dom op 0.92 1.16 1.24 
586 full op 0.42 1.18 1.22 
619 full op 0.43 1.09 0.91 
667 full op 0.98 1.2 1.23 
772 full op (YS) 0.51 0.92 1.01 
989 half op 0.46 0.96 1.36 
1055 dom op 0.53 0.89 1.66 
1145 dom op 1.01 0.92 1.59 
1229 dom op 0.42 1.02 0.93 
1265 full op 0.28 1.05 1.01 
1370 full op 0.79 1 1.55 
1373 full op 0.68 0.8 1.37 
1377.1 full op 1.05 0.79 1.21 
1378 full op 0.76 0.93 1.26 
1388 full op 0.66 0.82 1.36 
1486 full op 0.56 1.07 1.3 
1639 full op 0.98 1.86 1.31 
Abbreviations: op, opaque; dom, dominate; YS, yellow stripe plant phenotype; smk, small kernel; rgh, rough. 
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APPENDIX 1. Supplemental data from chapter 3 
 
Supplemental Figure 3.1. Amino acid content analysis in non-zein proteins for fl1, 
Mc and DeB30 compared to WT. Log2 ratio of amino acid content was calculated using 
the ratio between average amino acid content of increased proteins to average amino acid 
content of decreased proteins, in comparison of genotypes and WT. Positive values 
indicate more contribution of significantly changed non-zein proteins to the ultimate 
amino acid content increase, while negative values for more contribution to amino acid 
content decrease. The amino acid content data (blue, in percent protein, w/w) in Mc (B) 
and DeB30 (C) from Hunter et. al., 2002 is added to show the fitness of our top 10 (red), 
top 20 (green) and top 30 (orange) proteins’ results. Amino acid abbreviations are shown 
in alphabetical order, and Hunter’s Glx was placed on both Glu (E) and Gln (Q). Lys (K) 
content in Mc and DeB30 is consistent with the previous lysine increase, while the one in 
fl1 (A) shows lysine content decrease. 
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Supplemental Table 3.1. All proteins identified experiment-wide with averaged raw 
spectral counts for each biological replication.  
    Averaged Raw Spectral Counts 
UniProt 
ID Annotated Protein Name WT o2 fl1 fl2 Mc DeB30 o1 
K7UZT6 Cluster of Pyruvate, phosphate dikinase 2  839 274 390 406 413 546 1218 
Q43706 Cluster of Sucrose synthase  391 293 234 147 221 231 456 
B6TEC1 Cluster of Sorbitol dehydrogenase  474 624 233 419 365 524 409 
C5XX52 Cluster of Putative uncharacterized protein Sb04g025120  354 647 589 372 510 606 540 
Q946V2 Cluster of Legumin 1  270 215 114 97 162 168 224 
B6U0S1 Cluster of Elongation factor 2  250 110 80 95 91 109 284 
Q09HU3 Cluster of Trypsin inhibitor (Fragment)  185 106 42 33 53 31 149 
A5A5E7 Cluster of Protein disulfide isomerase  230 196 322 351 334 404 298 
C5XBK5 Cluster of Elongation factor 1-alpha  203 97 64 81 95 114 224 
C4J410 Cluster of Heat shock protein1  197 133 153 156 154 243 184 
B4FT23 Cluster of 14-3-3-like protein  231 282 383 377 351 518 181 
B4FAL9 Cluster of Fructose-bisphosphate aldolase  211 239 407 288 285 359 130 
J7H390 Cluster of Glucose-1-phosphate adenylyltransferase  142 96 70 51 66 64 194 
B4FAD9 Cluster of Uncharacterized protein  135 102 51 79 80 100 142 
K7VDQ8 Cluster of Tubulin beta-7 chain isoform 1  116 57 54 63 63 82 144 
B8A1R8 Cluster of Uncharacterized protein  111 49 27 36 47 47 113 
Q947C0 Cluster of Glucose-1-phosphate adenylyltransferase  124 101 63 51 67 72 147 
P19023 Cluster of ATP synthase subunit beta, mitochondrial  110 75 101 96 92 116 119 
B4F832 Cluster of Uncharacterized protein  128 118 113 107 110 104 166 
B4G0K4 Cluster of Phosphoglycerate kinase  133 112 170 134 149 214 225 
B6SH97 Cluster of 2-isopropylmalate synthase B  110 78 65 76 82 64 107 
P25892 Cluster of Ribosome-inactivating protein 9  107 12 22 107 81 113 41 
C5YYR1 Cluster of Putative uncharacterized protein Sb09g021660  135 97 81 120 112 141 113 
P26301 Cluster of Enolase 1  136 126 175 138 124 198 164 
C5Z529 Cluster of Putative uncharacterized protein Sb10g022570  106 51 39 55 57 72 111 
B6T0T2 Cluster of Histone H2A  89 74 92 118 134 130 89 
P93804 Cluster of Phosphoglucomutase, cytoplasmic 1  101 63 69 64 67 82 107 
C0PE24 Cluster of Triosephosphate isomerase  113 158 295 151 167 184 124 
C5Z8X0 Cluster of Putative uncharacterized protein Sb10g028940  96 62 42 59 67 83 84 
B4FZU8 Cluster of Malate dehydrogenase  118 151 256 197 176 250 100 
K7URE0 Cluster of Uncharacterized protein  87 27 23 36 30 25 93 
C5XTD4 Cluster of Putative uncharacterized protein Sb04g021540  83 63 36 28 35 34 109 
O82443 Cluster of Alanine aminotransferase  92 71 50 74 60 85 93 
C0HHU2 Cluster of Uncharacterized protein  85 55 55 74 52 67 81 
B6U2K4 Cluster of Histone H2B.1  107 46 33 87 63 78 82 
C5Y2Y8 Cluster of Putative uncharacterized protein Sb05g000445  65 19 8 9 11 10 76 
C5X3T9 Cluster of Putative uncharacterized protein Sb02g028050  86 49 39 57 53 54 77 
C0PC62 Cluster of Uncharacterized protein  84 55 35 54 57 71 78 
B4FZZ2 Cluster of Peptidyl-prolyl cis-trans isomerase  87 66 102 111 78 141 75 
P33627 Cluster of Tubulin alpha-6 chain  85 34 28 39 44 37 99 
B6SS31 Cluster of Putative uncharacterized protein  65 7 13 27 23 36 86 
B6U9S6 Cluster of APx1-Cytosolic Ascorbate Peroxidase  75 69 72 73 81 100 85 
B6T3P9 Enolase  101 101 108 96 99 150 75 
Q08062 Cluster of Malate dehydrogenase, cytoplasmic  69 32 19 47 41 50 58 
C0P381 Cluster of Uncharacterized protein  73 43 54 66 63 89 77 
B4F9T3 Cluster of Uncharacterized protein  82 76 101 56 94 86 49 
C0P455 Cluster of Uncharacterized protein  102 75 117 91 103 100 81 
B6UFB3 Cluster of Stromal 70 kDa heat shock-related protein  89 102 124 91 94 93 120 
B6SHW9 Cluster of Ubiquitin fusion protein  76 100 123 100 108 117 79 
P24067 Cluster of Luminal-binding protein 2  80 48 84 211 113 188 112 
B6SIX6 Cluster of Prolamin PPROL 17  49 1 17 17 17 7 45 
Q43298 Cluster of Chaperonin CPN60-2, mitochondrial  84 79 115 95 96 106 64 
P04709 Cluster of ADP,ATP carrier protein 1, mitochondrial  59 24 16 28 23 26 64 
B6TFX9 Cluster of Legumin-like protein  71 55 33 49 44 64 65 
C4J0Z7 Cluster of Uncharacterized protein  63 25 41 36 26 37 64 
C0PHR4 Cluster of Adenosylhomocysteinase  97 170 363 203 203 311 57 
B6U297 Cluster of Lipoxygenase  47 9 0 4 6 2 5 
Q43264 Cluster of Alcohol dehydrogenase 1  68 47 58 68 59 88 92 
B4FQM2 
Cluster of Pyrophosphate--fructose 6-phosphate 1-
phosphotransferase beta 69 45 45 47 42 50 107 
Q41768 Cluster of Acetolactate synthase 1, chloroplastic  52 12 18 17 21 18 62 
B6SP74 Cluster of Glycine-rich RNA-binding protein 2  57 49 49 55 45 69 53 
B4FFH8 Cluster of Adenosine kinase 2  57 55 66 66 66 66 64 
B5AMJ9 Cluster of Phosphorylase  61 31 21 33 34 53 57 
C5XTA6 Cluster of Putative uncharacterized protein Sb04g021280  58 19 15 17 14 13 64 
K7UEJ7 Cluster of Uncharacterized protein  71 100 53 38 83 42 20 
B6SI09 Aquaporin TIP3.1  57 10 12 32 33 30 48 
B4F9G1 Cluster of Aspartate aminotransferase  51 44 24 40 37 46 54 
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B6UH16 Cluster of Globulin  72 76 90 54 87 76 49 
O22453 Cluster of 40S ribosomal protein S4  49 27 23 35 34 35 48 
K7VHG3 Cluster of Heat shock protein 4  53 31 39 42 35 44 68 
A8HNF3 Cluster of Z1A alpha zein protein (Fragment)  43 18 163 84 104 27 69 
B6THG9 Cluster of 60S ribosomal protein L5-1  53 26 52 28 32 27 43 
B6U4A3 Cluster of Heat shock 70 kDa protein  58 47 48 69 65 65 55 
C5XDP9 Cluster of Putative uncharacterized protein Sb02g025790  46 13 6 15 14 15 39 
B4FUH2 Aspartate aminotransferase  51 38 25 34 30 39 65 
C5Y4G6 Cluster of Putative uncharacterized protein Sb05g002540  48 39 37 31 39 40 65 
P04698 Cluster of Zein-alpha PZ22.3  48 4 68 31 53 35 67 
C0LNQ9 UDP-glucosyltransferase  44 21 11 14 12 19 41 
C5YV24 Cluster of Putative uncharacterized protein Sb09g027690  46 17 11 18 20 19 52 
P05494 Cluster of ATP synthase subunit alpha, mitochondrial  50 24 20 29 30 29 46 
K7UB20 Cluster of Uncharacterized protein  42 15 6 12 14 17 56 
B6TSQ9 Cluster of Aspartic proteinase oryzasin-1  41 37 36 34 30 30 53 
B4FFB8 5a2 protein  55 75 12 81 54 111 24 
P06677 Cluster of Zein-alpha 19C2  45 22 91 45 78 50 111 
B4FNT1 Cluster of Elongation factor 1-delta 1  54 67 72 44 78 107 36 
C4J9Y2 Cluster of Uncharacterized protein  40 29 26 34 34 38 44 
B6T1T9 Cluster of Histone H4  63 48 34 68 65 90 45 
B4FFZ2 Cluster of Uncharacterized protein  41 21 14 18 17 30 46 
Q6XZ78 Cluster of Fructokinase-2  39 23 20 30 24 31 46 
B8A0P3 Cluster of Uncharacterized protein  54 25 24 82 49 63 47 
B4FFZ6 Cluster of 60S ribosomal protein L3  36 17 42 18 16 20 42 
B4G0K5 Uncharacterized protein  40 15 18 31 23 33 32 
C5WT90 Cluster of Putative uncharacterized protein Sb01g015090  43 28 45 36 38 40 36 
C5WNH9 Cluster of Putative uncharacterized protein Sb01g038360  40 19 8 23 21 18 37 
Q08069 Cluster of 40S ribosomal protein S8  41 17 18 19 19 21 34 
B8A293 Cluster of Uncharacterized protein  42 39 57 41 37 49 43 
C5YMX6 Cluster of Putative uncharacterized protein Sb07g002560  52 49 56 64 67 78 49 
B6TIK6 Cluster of Sarcosine oxidase  44 5 22 0 27 39 51 
B4FAE1 Cluster of Ras protein RIC1  42 19 16 23 24 32 39 
B8A3D0 Cluster of Uncharacterized protein  51 70 79 63 68 56 64 
Q5NKS5 Cluster of Granule-bound starch synthase  30 20 5 8 7 4 32 
C5XWF4 Cluster of 60S ribosomal protein L6  35 13 24 16 12 16 39 
B4FW57 Cluster of Uncharacterized protein  40 22 13 19 19 23 39 
C5XVJ1 Cluster of Putative uncharacterized protein Sb04g004540  45 18 7 21 22 23 38 
B6T379 Cluster of 40S ribosomal protein S15  53 39 47 60 70 70 38 
B4FUE0 Cluster of GTP-binding protein PTD004  34 14 8 16 14 15 42 
B6T1H0 Cluster of 40S ribosomal protein S6  38 15 11 19 19 15 44 
K7V7I6 Cluster of Uncharacterized protein  43 35 37 42 44 53 41 
K7UGR2 Putative TCP-1/cpn60 chaperonin family protein isoform 1  47 43 43 53 52 68 44 
B8A377 Cluster of Cysteine synthase  46 48 120 65 73 76 39 
C5YD68 Cluster of Putative uncharacterized protein Sb06g003090  36 7 6 4 3 3 31 
C5WNU9 Cluster of Lipoxygenase  32 11 2 8 10 6 22 
K7VCJ9 Cluster of Uncharacterized protein  34 17 24 8 13 10 35 
B4FZN6 Cluster of 40S ribosomal protein S7  38 18 12 23 24 25 30 
C5XE18 Cluster of 40S ribosomal protein SA  36 24 19 30 26 31 37 
C0PHH5 Cluster of Dihydrolipoyl dehydrogenase  38 19 25 26 28 30 39 
K7UCB5 
Cluster of Putative TCP-1/cpn60 chaperonin family protein 
(Fragment)  44 39 40 49 49 54 44 
C4IYE1 Cluster of Uncharacterized protein  32 7 5 7 6 4 32 
C0PCQ6 Cluster of Uncharacterized protein  35 19 17 20 22 24 35 
G2XK63 Cluster of Putative uncharacterized protein  41 33 19 30 32 28 27 
B4FBY6 Cluster of Uncharacterized protein  44 37 50 69 63 54 25 
C0P5C0 Cluster of Importin subunit alpha  44 49 51 58 62 72 32 
K7TY03 Uncharacterized protein  24 10 7 11 11 11 31 
C5WTM9 Cluster of UDP-glucose 6-dehydrogenase  35 10 11 12 12 12 46 
C5XD91 Cluster of 40S ribosomal protein S3a  42 28 21 35 36 42 33 
B6TTP0 Cluster of Histone H3  48 26 15 42 47 35 35 
P49353 Cluster of Farnesyl pyrophosphate synthase  36 44 31 37 36 61 40 
B6T9C0 
Cluster of Putative ATPase, V1 complex, subunit B protein 
isoform 1  33 10 9 20 19 17 27 
K7VDJ2 Cluster of 40S ribosomal protein S17-4  36 18 11 27 26 22 30 
C5YHF8 Cluster of Putative uncharacterized protein Sb07g004290  40 20 15 33 26 33 32 
B6UC34 Cluster of Glutaminyl-tRNA synthetase  33 15 14 10 13 14 36 
C5X8X7 Cluster of Glucose-1-phosphate adenylyltransferase  29 20 15 12 14 18 38 
B6T7J7 Cluster of Serine hydroxymethyltransferase  46 54 121 69 67 94 39 
C5YET5 Cluster of Putative uncharacterized protein Sb06g013930  28 7 7 6 5 7 32 
Q06509 Cluster of Caffeic acid 3-O-methyltransferase  26 14 14 13 16 11 38 
C5XW73 Cluster of Putative uncharacterized protein Sb04g005040  36 18 12 26 23 23 35 
P80639 Cluster of Eukaryotic translation initiation factor 5A  32 29 26 32 28 37 31 
B4FSV6 
Cluster of 6-phosphogluconate dehydrogenase, 
decarboxylating  47 23 27 24 33 24 41 
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B4FD90 Cluster of 40S ribosomal protein S19  46 43 40 54 51 64 27 
B6TIL6 Cluster of 3-ketoacyl-CoA thiolase 2, peroxisomal  27 11 9 14 11 17 28 
B6TMW7 Cluster of Transaminase/ transferase isoform 1  29 18 14 17 18 18 36 
P52855 Cluster of 60S acidic ribosomal protein P1  23 26 20 23 27 15 36 
C5X4C8 Cluster of Putative uncharacterized protein Sb02g009810  35 19 35 15 16 16 38 
B4F8K1 Cluster of 60S ribosomal protein L7-2  30 17 33 21 27 22 31 
B6T769 Cluster of 60S ribosomal protein L7a  40 26 45 32 31 25 39 
B6SLF6 Cluster of Antimicrobial peptide MBP-1  46 38 9 121 29 31 3 
C0HHC4 Cluster of Uncharacterized protein  41 62 80 57 58 74 43 
C4J6K9 Cluster of Rab GDP dissociation inhibitor alpha  23 9 5 13 8 10 33 
Q8W2B7 Cluster of DIMBOA UDP-glucosyltransferase BX8  31 9 6 14 17 18 25 
B6SKZ9 Cluster of 40S ribosomal protein S12  33 27 28 37 35 35 28 
C5Y1X4 Cluster of Putative uncharacterized protein Sb05g009350  34 21 33 30 30 40 50 
B4FWR7 Cluster of 60S ribosomal protein L13  42 30 33 35 42 32 36 
B4FB66 Cluster of 40S ribosomal protein S5  47 42 39 60 57 71 28 
C5XM02 Cluster of Eukaryotic translation initiation factor 3 subunit A  19 3 1 2 2 2 21 
B4F9G8 Cluster of Pyruvate kinase  22 6 5 8 6 11 24 
Q41819 Indole-3-acetate beta-glucosyltransferase  27 18 4 16 14 22 20 
B4FSN1 Cluster of Uncharacterized protein  29 12 14 22 17 20 13 
B4FHX3 Cluster of Uncharacterized protein  27 14 26 17 17 18 25 
B6TBX3 Cluster of GTP-binding nuclear protein Ran-A1  32 20 18 24 22 31 28 
B4F9H6 Cluster of Superoxide dismutase  26 23 34 21 24 30 34 
B6TRR5 Cluster of Formate dehydrogenase 1  31 21 20 32 25 29 38 
B6T8R3 Cluster of 40S ribosomal protein S10  37 31 35 46 38 46 22 
B6T7B2 Cluster of 40S ribosomal protein S9  20 5 6 7 8 6 28 
B4FSJ2 Cluster of Elongation factor Tu  23 5 7 9 8 8 27 
C5XR30 Cluster of Putative uncharacterized protein Sb03g028050  26 8 4 9 11 20 17 
B4FBF6 Cluster of Uncharacterized protein  30 10 3 11 10 11 32 
C5Y895 Cluster of 60S ribosomal protein L18a  26 9 22 11 10 9 26 
C5Z5Q3 Cluster of Putative uncharacterized protein Sb10g023770  27 16 18 24 20 25 27 
B6SJ18 Cluster of 40S ribosomal protein S13  31 20 19 26 28 31 26 
B6SNY0 Cluster of Cystatin  36 27 29 27 32 37 22 
B4G286 Cluster of 40S ribosomal protein S18  38 31 29 38 38 53 24 
B4FK49 Cluster of Nucleoside diphosphate kinase  29 37 43 36 36 48 35 
B4FRC9 Cluster of Transaldolase 2  29 29 54 43 42 43 25 
K7TV56 Cluster of Carbonyl reductase 1  37 35 28 50 49 82 11 
B6SKP5 Cluster of Osmotin-like protein  30 11 4 16 15 6 3 
C0HIX4 Cluster of Uncharacterized protein  23 9 10 11 10 11 20 
B6SJC8 Cluster of 60S ribosomal protein L18  23 11 19 13 13 9 23 
C5XVC9 Cluster of Putative uncharacterized protein Sb04g004030  28 15 11 19 19 20 24 
C5X6H6 Cluster of Putative uncharacterized protein Sb02g044060  21 17 15 21 20 22 21 
B6SNQ7 Cluster of 40S ribosomal protein S16  31 19 17 26 21 22 28 
C5WRV5 Cluster of Putative uncharacterized protein Sb01g000380  24 21 28 26 22 32 24 
B6SJ53 Cluster of Putative uncharacterized protein  24 1 121 16 33 16 100 
Q93WS3 Cluster of Sucrose synthase (Fragment)  25 7 5 4 7 7 20 
B6TGG7 Cluster of 3-oxoacyl-[acyl-carrier-protein] synthase  22 3 4 7 5 7 30 
B6TG70 Cluster of Mitochondrial-processing peptidase beta subunit  23 9 5 7 9 6 25 
B4G0F2 Cluster of Uncharacterized protein  24 13 10 3 9 6 32 
Q03865 Cluster of Vicilin-like embryo storage protein  24 20 5 37 8 7 12 
B4FFA7 Cluster of Enoyl-[acyl-carrier-protein] reductase isoform 1  24 11 8 21 17 14 19 
B6T766 Cluster of 60S ribosomal protein L21  32 14 26 9 10 7 27 
C5Y9U0 Cluster of Putative uncharacterized protein Sb06g018900  31 18 11 25 25 24 32 
C5YUI9 Cluster of Putative uncharacterized protein Sb09g026810  26 30 14 32 35 35 13 
B6UCD0 Cluster of T-complex protein 1 subunit gamma  34 25 18 34 31 37 24 
B6UGM2 Cluster of Putative uncharacterized protein  19 11 117 171 43 19 32 
C4J4W3 Cluster of Uncharacterized protein  45 59 83 86 73 81 23 
K7U1S1 
Lysine-ketoglutarate reductase/saccharopine 
dehydrogenase1  20 1 2 2 5 3 16 
B6SXV4 
Cluster of Peroxisomal fatty acid beta-oxidation 
multifunctional protein  21 7 3 4 6 5 24 
K7UDG5 Cluster of Uncharacterized protein  21 11 6 9 6 6 22 
C5XXY0 Cluster of Putative uncharacterized protein Sb04g007170  21 8 8 14 10 11 15 
B6TKC8 Cluster of Gibberellin receptor GID1L2  23 11 5 8 11 17 16 
B6SL10 Cluster of Fasciclin-like arabinogalactan protein 8  24 16 16 15 14 15 21 
B6SK03 Cluster of Ubiquitin-conjugating enzyme spm2  29 11 10 19 18 15 31 
B7ZYR6 Cluster of Uncharacterized protein  27 17 14 10 14 12 41 
C5XYN1 Cluster of Putative uncharacterized protein Sb04g008500  33 19 12 25 20 17 21 
B6TS21 Cluster of Succinyl-CoA ligase beta-chain  30 17 18 20 20 25 26 
B4FSV5 Cluster of Uncharacterized protein  31 18 16 28 23 25 27 
B4FL64 Cluster of Ribosomal protein L19  33 21 33 29 29 20 23 
B4FDR7 Endosperm specific protein  27 35 42 31 36 34 19 
C4J929 Cluster of Ribosomal protein  32 31 24 41 45 42 28 
B4G0T5 Putative aminotransferase class III superfamily protein  21 7 10 17 15 13 19 
K7V9V6 Cluster of Isocitrate dehydrogenase [NADP]  28 14 11 13 14 18 33 
??
?
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C0P3X9 Cluster of Uncharacterized protein  26 11 14 20 21 18 22 
B4G1D2 Cluster of CBS domain protein  24 18 15 22 22 20 19 
C5XKV8 Cluster of Putative uncharacterized protein Sb03g035420  24 24 32 20 29 44 30 
C0PK05 Cluster of Putative glyoxalase family protein  31 43 76 79 56 98 19 
B6TXR8 Cluster of Phosphoserine aminotransferase  19 5 3 8 6 6 27 
O80413 Cluster of Mitochondrial phosphate transporter  22 7 7 7 7 6 30 
B6TG85 Cluster of 60S ribosomal protein L13a  22 10 23 10 9 10 24 
B4FTC9 Cluster of Uncharacterized protein  23 16 10 18 15 12 17 
C5XIY9 Cluster of Dihydrolipoyl dehydrogenase  24 13 11 19 13 16 25 
B4FWX5 Cluster of Uncharacterized protein  24 25 36 29 33 17 20 
A2SZW8 Cluster of 1-Cys peroxiredoxin PER1  30 22 29 50 32 34 24 
Q94G64 Cluster of T-cytoplasm male sterility restorer factor 2  19 5 6 9 6 2 18 
C0PGQ1 Cluster of Uncharacterized protein  20 9 6 5 9 7 14 
C5YWA7 Cluster of Putative uncharacterized protein Sb09g016470  18 11 8 13 13 15 21 
B4F8V9 Cluster of T-complex protein 1 subunit delta  23 10 7 16 11 14 19 
C5YWF2 Cluster of Glucose-1-phosphate adenylyltransferase  21 12 9 14 16 15 18 
B4G249 Cluster of Isocitrate dehydrogenase [NADP]  25 16 9 13 15 18 31 
B4FPA0 Cluster of Uncharacterized protein  20 15 17 23 20 28 21 
C0PM74 Cluster of Uncharacterized protein  27 38 32 42 36 54 25 
B6TL91 Hsc70-interacting protein  38 46 55 64 58 67 24 
K7VKI2 Cluster of Uncharacterized protein  17 3 0 2 3 2 18 
B4F8P4 Cluster of Anthranilate synthase component I-1  22 7 1 9 7 10 5 
K7UCM4 Cluster of Uncharacterized protein  12 8 3 6 5 6 22 
C5X7Z0 Cluster of Putative uncharacterized protein Sb02g001450  18 8 5 8 8 9 19 
C5YBU9 Cluster of Putative uncharacterized protein Sb06g021850  22 6 4 8 6 7 23 
K7UCH1 Cluster of Putative TCP-1/cpn60 chaperonin family protein  20 9 9 12 9 13 19 
C0HHC3 Cluster of Uncharacterized protein  19 11 8 10 15 15 16 
B6T715 Cluster of Aldehyde dehydrogenase  23 11 10 12 13 7 19 
K7UFV4 Cluster of Uncharacterized protein  18 14 18 10 11 10 21 
B6TRW8 Cluster of Dihydrolipoyllysine-residue succinyltransferase 18 11 9 16 13 16 19 
B4FJ27 Cluster of 40S ribosomal protein S24  24 15 9 16 17 16 21 
B6SHX0 Cluster of 5a2 protein  24 17 14 23 18 11 15 
C0PLN9 Cluster of D-3-phosphoglycerate dehydrogenase  25 13 13 16 13 11 32 
O48556 Cluster of Soluble inorganic pyrophosphatase  24 9 12 20 13 18 33 
B4FN24 Peroxiredoxin-5  21 15 27 17 19 19 17 
B6TBW4 Cluster of Proliferation-associated protein 2G4  28 16 19 22 18 25 19 
C4JBG7 Cluster of Uncharacterized protein  24 16 24 25 19 17 28 
P19656 Cluster of Non-specific lipid-transfer protein  22 29 24 29 23 23 22 
C5XT04 Cluster of Putative uncharacterized protein Sb04g001720  27 31 54 47 43 47 16 
G5DDC2 Cluster of Aminoaldehyde dehydrogenase 1b  26 34 59 43 46 49 19 
C5YHH1 Cluster of Putative uncharacterized protein Sb07g004420  18 3 2 2 3 1 19 
C0P451 Cluster of Endochitinase B  24 16 3 18 10 5 5 
B4F861 Cluster of Uncharacterized protein  20 11 14 10 12 13 25 
Q71RX2 Cluster of Isopentenyl pyrophosphate isomerase  22 12 13 18 19 29 18 
Q9SWR9 Cluster of Dihydrolipoamide S-acetyltransferase  25 14 14 24 15 20 23 
B4G0Z5 Cluster of 60S ribosomal protein L27a-3  26 13 29 14 21 18 22 
K7TQJ7 Uncharacterized protein  29 24 18 26 26 29 21 
O48557 Cluster of 60S ribosomal protein L17  33 21 32 29 31 24 20 
K7TNK3 Uncharacterized protein  30 41 81 45 46 55 21 
C5Z2J6 Cluster of Catalase  31 47 79 58 56 56 18 
C5Z0L2 Cluster of Putative uncharacterized protein Sb09g004450  14 7 3 2 5 2 24 
K7V316 Cluster of Uncharacterized protein  16 6 3 5 5 8 17 
B4FAL8 Cluster of Uncharacterized protein  17 6 6 8 4 6 23 
C4J4E4 Uncharacterized protein  18 11 4 10 10 11 11 
B6UCS5 Cluster of Hydroxyacid oxidase 1  24 10 3 11 12 7 10 
B4FT85 Isochorismate synthase 1  18 8 9 8 12 6 18 
P25460 Cluster of 40S ribosomal protein S11  22 9 8 11 8 6 22 
K7TYB0 Cluster of Uncharacterized protein  20 8 20 8 9 4 17 
B4F9U9 Uncharacterized protein  21 6 8 13 10 19 14 
B6THR9 Cluster of 3-isopropylmalate dehydrogenase  17 13 13 19 16 13 14 
B7ZZM7 Cluster of Uncharacterized protein  24 11 7 19 14 17 24 
B4FT31 Cluster of Uncharacterized protein  17 15 16 18 16 18 19 
B6TDT1 Cluster of 26S protease regulatory subunit 6B  21 13 13 18 14 23 17 
C0PB44 Cluster of Transaminase/transferase  21 13 12 15 16 16 26 
Q41764 Cluster of Actin-depolymerizing factor 3  17 13 14 17 14 19 26 
B6TJW0 Cluster of Putative uncharacterized protein  21 6 16 19 15 20 24 
B4FIC0 Cluster of Citrate synthase  19 14 13 16 16 17 26 
K7U9W6 Uncharacterized protein  25 22 13 29 29 25 20 
C0P2V1 Uncharacterized protein  20 19 30 26 32 28 10 
B6TYP2 Cluster of Acyl-desaturase  28 19 25 35 29 28 24 
C5X4T4 Cluster of Putative uncharacterized protein Sb02g042050  35 41 62 42 52 68 28 
B6SLG2 Bowman-Birk type wound-induced proteinase inhibitor WIP1  15 6 0 3 4 2 0 
C5XCM2 Cluster of Coatomer subunit gamma  16 6 5 5 5 3 17 
B6T4W5 Hyoscyamine 6-dioxygenase  15 5 4 9 8 8 15 
??
?
121 
Q6XZ79 Cluster of Fructokinase-1  16 2 4 9 10 13 18 
O24578 Cluster of Adenylosuccinate synthetase, chloroplastic  18 6 5 9 9 7 21 
Q9ATM8 Cluster of Aquaporin PIP2-2  16 11 10 10 8 10 13 
B4FM15 Cluster of 60S ribosomal protein L28 isoform 1  18 6 7 10 12 10 15 
B6TH42 Cluster of 60S ribosomal protein L9  15 9 15 7 10 7 17 
C5X653 Cluster of Putative uncharacterized protein Sb02g030620  14 7 19 12 11 10 10 
Q6RW10 Cluster of Allene oxide synthase  13 12 15 14 17 9 12 
B4FFK9 Cluster of Uncharacterized protein  24 12 5 18 17 15 9 
B4G0S0 Cluster of Uncharacterized protein  24 12 8 13 9 15 24 
C5WZ45 Cluster of Putative uncharacterized protein Sb01g006490  23 14 20 13 10 11 17 
C5WU56 Cluster of Lysine--tRNA ligase  22 12 13 15 18 14 20 
Q7SIC9 Cluster of Transketolase, chloroplastic  18 11 15 18 19 19 19 
B6T451 Cluster of Importin subunit alpha  22 23 22 30 30 37 17 
B6T8M9 Cluster of Mitochondrial prohibitin complex protein 2  27 25 23 32 30 38 18 
B6TBM1 Cluster of Alpha-soluble NSF attachment protein  26 27 31 39 36 36 13 
P49105 Glucose-6-phosphate isomerase, cytosolic  27 39 51 53 53 60 18 
C0P4T5 Cluster of Uncharacterized protein  11 4 2 4 3 4 12 
B4FV87 Cluster of Jasmonate-induced protein  17 4 7 5 4 2 11 
K7UDI4 Cluster of Uncharacterized protein  16 4 5 4 1 3 17 
K7UQK1 Cluster of Uncharacterized protein  12 3 4 7 5 6 13 
B4FNZ9 General stress protein 39  17 7 2 10 7 6 12 
K7UDW4 Cluster of Uncharacterized protein  15 5 5 9 7 6 17 
C0HIZ0 Cluster of Uncharacterized protein  21 11 10 10 11 8 21 
K7VPS6 Cluster of Proteasome subunit alpha type  15 17 23 15 20 10 17 
C0P4Z5 Cluster of Uncharacterized protein  22 20 12 23 29 21 10 
B6T2Y1 Cluster of Peroxiredoxin-5  18 18 16 27 25 26 12 
C0PFV4 Cluster of Cytokinin inducible protease1  22 24 21 21 25 16 22 
B4F8B8 Cluster of Uncharacterized protein  19 16 30 26 24 22 17 
K7UY19 Cluster of Fructose-bisphosphate aldolase  21 20 25 25 20 24 22 
B6TQ36 
Cluster of Pyruvate dehydrogenase E1 component subunit 
beta  22 19 33 27 31 27 13 
Q6JAH6 Cluster of Glutathione peroxidase  27 25 27 30 33 43 19 
B6TLY8 Cluster of Mitochondrial ATP synthase  30 36 62 47 44 56 19 
B4G1P1 Cluster of Glutamine synthetase  10 4 1 3 3 0 4 
C0PF32 Cluster of Uncharacterized protein  11 2 0 1 0 0 19 
C6JS55 Cluster of Putative uncharacterized protein Sb0067s002240  16 4 2 5 4 3 5 
B6SVS6 Cluster of Asparaginyl-tRNA synthetase, cytoplasmic 3  13 1 3 4 2 4 14 
C5WRE1 Cluster of Eukaryotic translation initiation factor 3 subunit B  12 5 3 2 3 3 17 
K7TSA0 Cluster of Uncharacterized protein  13 4 2 3 4 4 15 
B8A2Q4 Uncharacterized protein  16 5 2 4 3 4 22 
B6SJ08 Cluster of 60S ribosomal protein L18  14 5 10 8 8 3 14 
K7W272 Uncharacterized protein  16 7 9 19 7 8 10 
B4FM69 Cluster of Putative ribosomal protein S8 family protein  17 8 7 7 10 7 21 
C5Z1B4 Cluster of Putative uncharacterized protein Sb09g025900  21 8 9 24 12 11 16 
B6SZE0 Cluster of Ubiquitin-conjugating enzyme E2-17 kDa  19 11 9 17 15 17 21 
K7TVZ1 
Cluster of 6-phosphogluconate dehydrogenase, 
decarboxylating  21 11 12 18 15 14 21 
P21641 Cluster of Oleosin Zm-II  19 15 7 25 19 22 8 
C5YJF0 Cluster of Putative uncharacterized protein Sb07g007490  19 12 11 22 19 18 15 
B4FAG0 Cluster of Uncharacterized protein  20 13 19 20 22 25 16 
B6THA1 Cluster of Grx_C2.2-glutaredoxin subgroup I  16 19 21 20 23 29 14 
B6TMB2 Cluster of PDIL2-2-Zea mays protein disulfide isomerase  21 23 29 32 30 33 19 
B6TC92 Cluster of 60S ribosomal protein L35  27 27 25 33 32 38 13 
B6T8U0 
Cluster of Plasminogen activator inhibitor 1 RNA-binding 
protein  29 36 37 54 48 50 15 
Q43712 Cluster of Calcium-binding protein  21 30 62 50 39 71 15 
B6EBQ1 Cluster of Indole-3-acetic acid amido synthetase  13 2 0 2 1 1 6 
B8A2Y6 Cluster of Uncharacterized protein  10 1 1 3 4 2 11 
B6T113 Bowman-Birk type wound-induced proteinase inhibitor WIP1  12 5 2 2 3 0 7 
E9NQE2 Cluster of Malic enzyme  12 3 1 6 4 2 6 
K7UJJ8 Cluster of Uncharacterized protein  12 3 2 3 4 3 12 
C5YT60 Cluster of Putative uncharacterized protein Sb08g005050  13 1 2 6 3 1 14 
C5YTK4 Cluster of Putative uncharacterized protein Sb08g006370  12 3 2 5 2 2 16 
K7VDT6 Cluster of Uncharacterized protein  14 4 3 8 6 6 11 
C5XFC4 Cluster of Pyruvate kinase  16 5 5 5 5 3 19 
B6U1W8 Cluster of Non-specific lipid-transfer protein  11 11 7 9 12 11 5 
B4FQ44 Tryptophan aminotransferase isoform 1  18 7 5 8 9 10 16 
B6SPN3 Cluster of 40S ribosomal protein S21  14 7 6 10 11 12 14 
K7V364 Cluster of Uncharacterized protein  17 14 14 13 12 12 18 
B6T6B8 Cluster of 60 ribosomal protein L14  19 11 18 16 9 17 15 
C5YI63 Cluster of Putative uncharacterized protein Sb07g026620  18 10 15 16 19 15 15 
B6TTU5 Cluster of Alliin lyase  23 7 5 24 16 17 18 
B4FK84 Cluster of Uncharacterized protein  14 15 20 17 17 15 15 
B4FA06 Cluster of APx4-Peroxisomal Ascorbate Peroxidase  14 17 15 19 20 17 12 
??
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C5YY06 Cluster of Putative uncharacterized protein Sb09g000540  17 14 26 18 15 10 16 
B8A0A6 Cluster of Uncharacterized protein  20 14 19 23 21 23 11 
B6T2V7 Cluster of HMG1/2-like protein  15 18 20 23 25 26 11 
B6TJB6 Cluster of Proteasome subunit alpha type  21 21 27 29 25 21 16 
B4FL17 Cluster of Translationally-controlled tumor protein  18 28 27 28 30 40 19 
B4FHT1 Cluster of Annexin  22 32 30 38 44 49 8 
B6TD83 
Cluster of Pyruvate dehydrogenase E1 component alpha 
subunit  21 30 50 37 32 34 23 
K7URA3 
Cluster of Putative aminotransferase class III superfamily 
protein  11 3 1 4 4 6 4 
C5XZX0 Cluster of Putative uncharacterized protein Sb04g030000  11 3 1 3 2 2 11 
C5XZW8 Cluster of Putative uncharacterized protein Sb04g029970  13 5 1 5 3 2 15 
B4G1Z0 Alpha-L-fucosidase 2  13 7 1 5 8 4 6 
C0PFM8 Uncharacterized protein  10 5 4 7 4 6 12 
B6UHQ3 Plasma membrane associated protein  10 6 3 7 6 3 15 
C0P723 Cluster of Uncharacterized protein  17 5 3 5 5 6 18 
B4FCK9 Cluster of 60S ribosomal protein L22-2  15 7 3 9 7 6 17 
C0P972 Cluster of Uncharacterized protein  17 5 6 8 6 6 15 
B4G072 DIMBOA UDP-glucosyltransferase BX9  12 4 4 11 8 13 14 
C0PIH9 Cluster of RNA-binding region-containing protein 1  14 6 9 11 8 6 14 
B4FWU6 Uncharacterized protein  13 7 6 12 13 7 11 
B4FC92 Nuclear transport factor 2  14 11 6 12 9 14 12 
B6TAT4 Cluster of 60S ribosomal protein L36  19 8 12 9 11 7 11 
B6TAJ3 Proteasome subunit alpha type  12 13 18 10 16 8 14 
B6TXS9 Cluster of ATP synthase subunit gamma  14 10 12 16 15 13 14 
C5WTV8 Cluster of Putative uncharacterized protein Sb01g043930  14 14 8 15 17 19 12 
B6T887 Cluster of Salt tolerance protein  14 11 21 15 15 17 20 
B6SP93 Cluster of Histone H1  18 13 12 28 17 20 10 
B6T9P4 Cluster of Inositol-3-phosphate synthase  19 12 23 20 24 19 5 
C5XUD0 Cluster of T-complex protein 1 subunit alpha  23 17 11 19 22 18 14 
B6TI69 Cluster of Indole-3-glycerol phosphate lyase  17 23 17 23 21 17 13 
B6TCE9 Cluster of Peptidyl-prolyl cis-trans isomerase  19 11 54 15 15 14 18 
B4FG22 Cluster of 40S ribosomal protein S25-1  26 22 15 30 36 30 17 
B6THR6 Cluster of L-allo-threonine aldolase  13 5 0 0 4 2 2 
B6U2F8 
Cluster of Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 67 kDa 9 2 4 1 1 2 9 
C5XDA8 Cluster of Putative uncharacterized protein Sb02g006330  11 4 1 2 4 3 13 
B4FBV8 Cluster of Eukaryotic translation initiation factor 3 subunit G  9 3 3 5 5 3 12 
Q9FQ11 Cluster of Sucrose-phosphatase 1  12 4 2 6 4 6 10 
B6TEW3 Uncharacterized protein  10 3 4 16 7 1 7 
B6TII5 Cluster of Pyruvate kinase  10 2 5 5 4 3 20 
C0P820 Cluster of Uncharacterized protein  12 5 3 9 5 7 8 
K7UW46 
Cluster of Putative tRNA synthetase beta subunit family 
protein  14 6 3 6 4 3 15 
C5X6A0 Cluster of Putative uncharacterized protein Sb02g043440  14 5 4 5 5 7 15 
Q9SE94 Cluster of Methylenetetrahydrofolate reductase 1  16 7 4 8 9 7 14 
C5WV32 Cluster of Putative uncharacterized protein Sb01g003410  16 7 4 12 8 9 12 
B6SX67 60S ribosomal protein L32  13 6 10 11 16 10 13 
K7VLW8 Cluster of Putative TCP-1/cpn60 chaperonin family protein  15 12 16 14 13 11 12 
K7WHC8 Cluster of Blue fluorescent1  15 11 9 19 18 20 6 
B6TL20 Cluster of Glutathione S-transferase GSTU6  15 7 14 23 12 18 15 
B4F8B9 Cluster of Uncharacterized protein  15 15 9 18 14 20 17 
B6T4E6 Mo-molybdopterin cofactor sulfurase  15 5 30 21 13 13 11 
C5X2E3 Cluster of Putative uncharacterized protein Sb02g039340  18 12 10 18 16 17 19 
C5YVF7 Cluster of Putative uncharacterized protein Sb09g028070  15 16 5 27 24 20 5 
K7V7A8 Cluster of Uncharacterized protein  19 17 9 22 20 20 14 
B4F848 Chaperonin  15 13 30 18 16 16 14 
B8A3M0 Cluster of Glutamine synthetase  24 15 16 17 20 15 21 
Q5EUD6 Cluster of Protein disulfide isomerase  16 16 23 23 21 22 16 
B8A161 Cluster of Nucleosome/chromatin assembly factor group A  18 19 24 20 23 31 17 
C0PDB0 Cluster of Uncharacterized protein  15 13 31 18 20 26 38 
B4FQJ6 Cluster of Uncharacterized protein  22 21 17 26 29 32 17 
B6TI78 Cluster of Peptidyl-prolyl isomerase  20 19 37 27 26 25 12 
C5YA50 Cluster of Putative uncharacterized protein Sb06g032470  16 23 47 27 24 17 14 
B6TP60 Glycine-rich protein 2b  21 27 38 29 36 41 14 
K7TR72 Cluster of Uncharacterized protein  25 34 43 38 30 39 13 
Q5EUD5 Cluster of Protein disulfide isomerase  22 11 43 104 63 77 38 
K7UV76 Uncharacterized protein  10 2 1 2 2 1 7 
K7UYX0 Cluster of Ubiquitin carboxyl-terminal hydrolase  11 2 2 2 3 1 10 
B4FFZ9 Lipoprotein  11 3 1 4 5 4 8 
B4FEC3 Cluster of Pyruvate kinase  11 2 4 3 3 3 15 
C5XAA7 Cluster of Eukaryotic translation initiation factor 3 subunit I  12 4 2 4 4 4 13 
C5X2H5 Cluster of Putative uncharacterized protein Sb02g039660  14 4 1 4 3 3 14 
K7UR21 Cluster of Uncharacterized protein  9 4 5 5 6 5 10 
??
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B6SHF6 Cluster of Mitochondrial-processing peptidase alpha subunit  13 5 4 4 4 5 11 
B4F8V5 Cluster of Uncharacterized protein  12 3 4 4 5 5 12 
C0P5E7 Cluster of Uncharacterized protein  14 4 3 3 4 1 16 
C5YBX0 Cluster of Isocitrate dehydrogenase [NADP]  14 3 1 5 1 2 19 
C0PDB6 Uncharacterized protein  11 5 5 8 5 5 9 
K7VKX8 Cluster of WD repeat-containing protein RBAP1  11 5 7 9 5 4 7 
I2EBS7 Cluster of Thioredoxin  9 3 12 7 7 3 10 
B6TBG8 Cluster of 26S proteasome non-ATPase regulatory subunit 3  12 5 3 9 7 5 14 
C5YE84 Cluster of Eukaryotic translation initiation factor 3 subunit H  9 6 6 11 8 8 8 
B8A0F1 Cluster of Uncharacterized protein  10 6 6 8 6 7 15 
B6SIX3 Cluster of 40S ribosomal protein S24  15 9 5 9 8 9 11 
B6TRV3 Cluster of Eukaryotic translation initiation factor 3 subunit E  14 8 4 12 10 10 11 
A8HNF1 Cluster of Z1A alpha zein protein (Fragment)  10 7 3 13 22 10 5 
Q9M588 Cluster of Prohibitin  14 6 6 9 9 11 16 
B4FH44 Cluster of Thioredoxin  12 12 13 11 10 19 14 
C5Z9C6 Cluster of Peptidyl-prolyl cis-trans isomerase  16 10 20 14 12 9 20 
C0HHH9 Uncharacterized protein  14 15 22 2 20 21 12 
P27347 DNA-binding protein MNB1B  12 13 18 19 15 21 7 
P00761 Trypsin  13 12 21 16 13 22 12 
B4FPA1 Cluster of Putative ubiquitin-conjugating enzyme family  16 15 10 17 16 19 16 
K7VUK8 Cluster of Putative ribosomal protein L11 family protein  16 12 13 19 20 21 16 
B4FQQ1 Cluster of Uncharacterized protein  12 23 19 20 18 25 11 
B6T177 
Cluster of Non-green plastid inner envelope membrane 
protein  22 20 15 28 27 19 7 
B6TNF1 Cluster of Calnexin  23 34 89 117 56 86 28 
K7V184 Cluster of Uncharacterized protein  7 2 1 0 1 0 4 
K7VNE0 Cluster of Uncharacterized protein  6 5 0 0 1 0 4 
B6SH90 Cluster of Histone deacetylase 6  5 1 1 1 1 0 12 
C5YPB6 Cluster of Putative uncharacterized protein Sb08g016970  10 3 0 3 3 3 2 
C5XBM7 Cluster of Putative uncharacterized protein Sb02g036590  8 3 1 5 2 2 11 
K7US09 Uncharacterized protein  13 5 2 4 4 3 9 
B4FEE3 Cluster of 60S ribosomal protein L27  8 3 8 4 4 4 10 
Q9SPD8 Voltage-dependent anion channel protein 1b  9 5 6 6 7 4 11 
B6T7R3 Cluster of Ufm1-conjugating enzyme 1  12 7 3 8 6 5 9 
C5X4Q0 Cluster of Proteasome subunit beta type  7 8 11 3 10 4 8 
B6TD54 Cluster of ATP-citrate synthase  11 7 6 7 7 7 8 
C5WXS7 Cluster of Putative uncharacterized protein Sb01g046570  13 5 1 5 5 5 19 
B6SI26 Cluster of Thioredoxin  12 5 3 8 7 5 17 
B4FKD5 Cluster of Eukaryotic translation initiation factor 6  9 6 11 9 6 8 10 
C4J030 Uncharacterized protein  12 7 6 9 8 8 12 
B6UEA6 Cluster of 40S ribosomal protein S28  12 6 5 10 9 9 11 
B6SIV4 Cluster of 60S ribosomal protein L38  13 6 7 9 12 9 7 
P49081 Cluster of Malate synthase, glyoxysomal  11 6 6 11 8 5 20 
B6T4W6 Aminoacylase-1  12 8 6 14 13 11 6 
K7V756 Cluster of Uncharacterized protein  12 8 10 9 8 11 15 
C5YZJ4 Cluster of S-adenosylmethionine synthase  13 6 9 13 8 11 12 
B6SI42 Cluster of Oleosin  11 8 7 17 11 10 8 
B6UAQ7 Cluster of Pectinesterase inhibitor domain containing protein  10 8 12 7 10 8 23 
B6T7Z2 Cluster of Cytochrome b5  10 8 17 16 14 13 7 
K7VM99 Uncharacterized protein  16 10 14 26 10 8 3 
B6SPL7 Copper chaperone  12 11 11 14 12 16 12 
K7VAS4 Cluster of Eukaryotic translation initiation factor 3 subunit M  14 12 10 17 14 17 11 
O22655 Cluster of Profilin-4  12 13 33 16 21 29 12 
Q43863 Cluster of Annexin  18 19 16 28 25 27 10 
B6TQB3 Cluster of Ran-binding protein 1  16 19 25 25 24 31 11 
C0PMJ0 Cluster of Phenylalanine ammonia-lyase  19 21 43 24 34 9 21 
B6T6H3 
Cluster of Pyruvate dehydrogenase E1 component subunit 
beta  15 27 47 26 28 29 14 
B6TZD1 Methylthioribose-1-phosphate isomerase  9 2 0 1 1 3 4 
C5Y1U0 Cluster of Putative uncharacterized protein Sb05g027910  7 1 1 1 1 0 11 
C0PIH6 Aldose 1-epimerase  8 1 0 0 2 1 12 
B4FQ98 Cluster of NADH-ubiquinone oxidoreductase 51 kDa subunit  6 2 1 2 2 4 7 
C5WXC7 Cluster of Putative uncharacterized protein Sb01g018400  8 2 2 2 2 0 10 
B4F9J5 Cluster of Glutamate dehydrogenase  8 3 3 2 3 1 7 
K7U9C9 Cluster of Putative DEAD-box ATP-dependent RNA helicase  11 2 0 3 2 2 8 
B6TNC0 Cluster of Ankyrin repeat domain-containing protein 2  6 1 8 7 2 2 3 
K7VF45 Cluster of Uncharacterized protein  10 2 2 0 1 1 13 
B6T4R0 Cluster of 3,4-dihydroxy-2-butanone kinase  9 3 0 4 2 5 6 
K7TUZ0 Cluster of Cytokinin-O-glucosyltransferase 3  8 3 0 4 4 3 8 
K7VM86 Cluster of Uncharacterized protein  9 4 2 4 5 4 8 
Q9SPD7 
Cluster of Outer membrane protein porinVoltage-dependent 
anion channel protein 2  8 3 4 5 6 3 8 
B6TWW1 Cluster of Aspartate-semialdehyde dehydrogenase  11 1 1 4 5 3 13 
K7USP8 Cluster of Coatomer subunit beta  7 4 6 3 3 2 13 
??
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B4G066 Cluster of Uncharacterized protein  10 4 3 7 6 2 11 
K7V7U4 Cluster of Eukaryotic translation initiation factor 3 subunit D  11 4 4 8 6 4 8 
C0P5R8 Cluster of Uncharacterized protein  11 3 2 9 11 6 4 
B6SJ07 Non-specific lipid-transfer protein  8 7 9 8 9 9 3 
B6SKN3 1,2-dihydroxy-3-keto-5-methylthiopentene dioxygenase  10 5 5 13 8 11 5 
B4FYE0 Uncharacterized protein  11 6 4 8 9 5 14 
C5YVE3 Cluster of Putative uncharacterized protein Sb09g027960  18 4 2 9 6 9 11 
K7U2L3 Cluster of Ferritin  11 6 4 14 14 8 4 
Q9ZPN0 Cluster of Cytochrome b5 reductase  10 5 18 9 11 5 4 
B6T3D4 Methionyl-tRNA synthetase  10 5 6 16 11 12 11 
C5YRI0 Cluster of Putative uncharacterized protein Sb08g020840  9 10 9 13 9 9 12 
B6SJF5 Cluster of Acyl carrier protein  10 7 8 10 11 10 16 
K7UVJ7 Cluster of Uncharacterized protein  12 9 8 11 11 12 11 
C5XIN6 Cluster of Putative uncharacterized protein Sb03g046730  15 11 12 14 11 18 14 
C5X768 Cluster of Putative uncharacterized protein Sb02g000720  14 11 11 17 16 21 12 
B6TNP4 Cluster of Histone H1  18 11 7 17 15 30 4 
B6T4Q3 Plasminogen activator inhibitor 1 RNA-binding protein  11 14 17 18 17 21 5 
B4FS99 ATP synthase D chain, mitochondrial  11 15 21 23 17 22 7 
B4FNC9 Cluster of SUMO1a protein  13 17 23 20 15 20 12 
B6TF54 Cluster of Chorismate mutase  17 10 16 18 18 21 20 
C0P4L3 Cluster of Uncharacterized protein  17 15 25 23 22 20 6 
B6UI10 Senescence-associated protein DIN1  15 35 17 17 17 21 7 
B6TKL2 Cluster of DNA repair protein RAD23  13 14 24 23 20 24 14 
B4FST4 Cluster of SKP1-like protein 1A  15 16 23 26 22 25 10 
C0P3N5 Cluster of Uncharacterized protein  15 13 25 44 24 34 7 
B4FHJ2 Cluster of Uncharacterized protein  25 32 52 47 42 25 13 
C0HGZ0 Cluster of Putative argonaute family protein  6 1 0 1 1 0 5 
B4FXY5 Cluster of Uncharacterized protein  5 3 1 1 1 1 9 
Q7M1Z8 Globulin-2  6 1 0 6 0 0 8 
B6SRH9 Cluster of Peroxidase 24  9 4 0 3 3 2 6 
C5XX51 Cluster of Putative uncharacterized protein Sb04g025090  7 2 3 3 2 2 9 
C5X1K7 Cluster of Putative uncharacterized protein Sb01g021890  10 2 1 2 2 2 12 
K7TR93 Cluster of Orange pericarp2  6 2 2 4 5 4 7 
B6TDD0 Cluster of Polygalacturonase inhibitor 1  10 4 3 2 5 5 3 
B4FQ29 Cluster of 26S proteasome non-ATPase regulatory subunit 13  5 4 3 3 4 4 10 
B6U4D3 Mitochondrial Rho GTPase  9 2 2 3 2 2 14 
C4J0A6 Cluster of Serine/threonine-protein phosphatase  8 3 3 4 4 2 9 
C5Y9I0 Cluster of Putative uncharacterized protein Sb06g031240  8 2 2 0 1 1 18 
B4FVK0 Cluster of Arginyl-tRNA synthetase isoform 1  10 4 1 4 4 4 9 
B4G004 Cluster of Uncharacterized protein  10 3 2 3 3 0 14 
B4FG76 Cluster of Uncharacterized protein  9 5 3 2 4 3 10 
K7VHR5 Cluster of Uncharacterized protein  10 3 3 5 4 2 10 
B4FRU4 Cluster of Uncharacterized protein  8 6 4 7 4 5 6 
C0PAC2 Cluster of Uncharacterized protein  7 6 6 5 5 3 7 
C5WQ18 Cluster of Putative uncharacterized protein Sb01g039800  11 3 3 2 1 2 18 
B4G0T3 Cluster of Eukaryotic translation initiation factor 3 subunit D  11 4 4 7 5 3 8 
B4FFR7 Cluster of Uncharacterized protein  11 5 2 7 7 4 9 
K7V5E8 Cluster of Uncharacterized protein  11 4 9 2 5 2 12 
B8A305 Cluster of Uncharacterized protein  9 5 5 8 6 6 7 
B4FX16 Macrophage migration inhibitory factor  8 8 6 7 6 4 10 
C5YSY8 Cluster of Malate dehydrogenase  11 7 7 10 8 5 3 
C0P3D0 Cluster of Uncharacterized protein  7 6 5 10 8 7 10 
C4J5B2 Cluster of Uncharacterized protein  10 7 9 7 9 3 7 
B7U627 Cluster of DHN2-like protein  6 6 8 8 8 10 7 
C0P4D6 Cluster of Uncharacterized protein  8 7 5 13 9 7 5 
B4FLQ8 Cluster of 26S proteasome non-ATPase regulatory subunit 14  10 6 6 11 9 7 7 
Q9M4U5 Cluster of Histone deacetylase HDT2  12 7 7 7 9 10 9 
B6SZA5 Cluster of 3-isopropylmalate dehydratase small subunit 2  10 8 8 10 9 10 10 
K7VLV6 Cluster of Uncharacterized protein  14 8 6 8 11 11 9 
B4FQK0 Cluster of Uncharacterized protein  9 11 10 13 11 8 7 
B6TKC5 Cluster of Nucleoside diphosphate kinase 4  10 9 6 12 10 14 8 
B6SJJ1 Cluster of 60S ribosomal protein L31  13 9 12 13 9 10 6 
B4FCQ5 Cluster of Uncharacterized protein  11 10 17 11 16 13 10 
C0PBR2 Signal recognition particle subunit SRP72  15 12 11 19 16 13 9 
B6TBW2 ATP synthase delta chain  14 15 16 21 21 23 8 
C0HF77 Cluster of Uncharacterized protein  7 1 88 4 2 0 32 
B4FJF0 Cluster of Uncharacterized protein  15 20 17 28 26 25 4 
B4FGM4 Cluster of Endothelial differentiation-related factor 1  13 20 18 28 18 34 8 
B8A0J4 Cluster of Phospholipase D  16 20 32 29 36 23 8 
C5Z5L8 Cluster of Putative uncharacterized protein Sb10g023460  17 20 30 29 28 36 11 
C5YA79 Cluster of Putative uncharacterized protein Sb06g019320  19 22 37 25 30 34 11 
B6TFN1 Cluster of Minor allergen Alt a 7  17 26 58 45 35 58 10 
K7UYT0 
Cluster of Omega-6 fatty acid desaturase, endoplasmic 
reticulum isozyme 2  5 1 0 0 0 0 5 
??
?
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B6TCC9 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase 67 kDasubunit  5 2 0 1 1 0 4 
K7WDQ7 Cluster of Uncharacterized protein  6 1 1 0 0 0 8 
C0HHP4 Cluster of Uncharacterized protein  8 1 0 3 3 3 0 
B7ZXM2 Adenylyl cyclase-associated protein  6 1 0 2 1 0 7 
B6T7Q7 Serine hydroxymethyltransferase  6 2 3 2 3 1 4 
C0PF13 Cluster of Uncharacterized protein  6 3 1 3 5 2 2 
C0PL35 
Cluster of Glyoxysomal fatty acid beta-oxidation 
multifunctional protein MFP-a  7 1 0 0 1 1 12 
B7ZZY5 Uncharacterized protein  9 2 0 5 3 1 1 
B6TA00 Cluster of L-allo-threonine aldolase  10 3 0 0 2 1 6 
K7V0P3 Cluster of Uncharacterized protein  8 2 0 0 0 0 14 
C5YG66 Cluster of Aminomethyltransferase  6 3 0 2 2 1 11 
C0P861 Cluster of Uncharacterized protein  7 2 2 3 2 1 10 
B6TE57 Cluster of IQ calmodulin-binding motif family protein  8 2 1 8 3 3 4 
K7UZN5 
Cluster of Putative oxidoreductase, aldo/keto reductase 
family protein  10 3 1 3 3 8 4 
C0HDZ8 Cluster of Uncharacterized protein  8 3 3 7 5 4 3 
C4JC33 Uncharacterized protein  9 3 2 5 6 4 5 
C0HFG9 Cluster of Dynamin-2A  10 3 2 6 3 4 8 
K7V673 Cluster of Ferredoxin-sulfite reductase  8 6 9 5 5 2 3 
B6SIA2 40S ribosomal protein S26  7 4 3 5 5 4 10 
Q9M585 Cluster of Stomatin-like protein  9 5 4 6 8 6 3 
B6U4F2 Cluster of Signal recognition particle subunit SRP68  12 5 2 6 6 4 11 
K7UQR5 
Cluster of Putative mitochondrial processing peptidase alpha 
subunit 11 4 4 7 6 5 10 
B6SIP4 Cluster of 40S ribosomal protein S26  10 4 4 5 7 5 13 
C5WT46 Cluster of Putative uncharacterized protein Sb01g014740  8 6 4 11 7 10 3 
Q41739 Cluster of Thiamine thiazole synthase 2, chloroplastic  8 10 2 15 10 4 1 
C5Y9M7 Cluster of Putative uncharacterized protein Sb06g031700  8 5 3 8 7 6 12 
C5YB38 Cluster of Putative uncharacterized protein Sb06g033990  9 5 5 6 9 5 11 
B4FB85 Cluster of Uncharacterized protein  6 6 5 13 9 6 6 
B4FSJ1 Cluster of Uncharacterized protein  12 5 4 6 6 9 9 
Q5UCF6 Cluster of Ribosomal protein S10p/S20e  10 6 4 9 8 9 7 
B7ZY87 Cluster of Uncharacterized protein  11 8 2 16 12 13 0 
K7TZZ7 Cluster of Uncharacterized protein  12 8 16 7 7 5 12 
C5YH49 Cluster of Proteasome subunit beta type  10 11 10 12 13 8 7 
C5X2Z4 Cluster of Glucose-6-phosphate isomerase  11 7 9 12 13 11 12 
B8A2X5 Cluster of Pectinesterase  14 15 8 12 14 8 2 
C5YE75 Cluster of Putative uncharacterized protein Sb06g010860  11 9 11 13 12 13 6 
B6TF18 Cluster of Membrane steroid-binding protein 1  10 11 14 13 12 14 8 
B6UI69 Acyl-desaturase  13 14 8 13 11 17 7 
B6T2I0 Cluster of 60S ribosomal protein L11-1  14 11 19 11 9 9 13 
B6SXF5 Cluster of Pathogenesis-related protein 1  11 19 10 14 14 10 9 
B6SPZ2 Glyceraldehyde-3-phosphate dehydrogenase, cytosolic  9 15 16 11 11 17 11 
B6T903 
Cluster of Nascent polypeptide-associated complex alpha 
subunit-like protein  8 13 21 14 15 13 8 
C5YQV9 Cluster of Putative uncharacterized protein Sb08g019790  14 13 11 17 14 20 14 
B6TZD9 Cluster of Eukaryotic translation initiation factor 4B  20 18 19 33 24 25 7 
B4FLB0 Cluster of Uncharacterized protein  8 3 53 17 8 26 69 
K7VAA1 Ribonucleoside-diphosphate reductase  4 1 0 0 0 0 2 
B4FR99 Uncharacterized protein  5 1 0 0 2 0 0 
K7UFJ9 Cluster of Uncharacterized protein  4 1 0 0 0 0 5 
K7TJ84 Cluster of Uncharacterized protein  4 1 0 0 0 0 6 
Q00919 Cluster of 22 kDa alpha-zein protein  5 0 0 0 6 0 0 
C5XG93 Cluster of Putative uncharacterized protein Sb03g043900  6 0 0 1 0 0 5 
K7UPU2 Uncharacterized protein (Fragment)  5 1 0 1 1 1 6 
C5XXZ7 Cluster of Putative uncharacterized protein Sb04g007330  4 2 1 0 1 1 6 
B4FCB9 Peroxisomal membrane protein PEX11-1 isoform 1  4 1 1 1 2 1 5 
B4FJT2 Cluster of Uncharacterized protein  5 1 1 1 1 1 6 
B6SS48 Outer mitochondrial membrane protein porin  7 0 0 0 1 0 7 
B6U6U2 Cluster of Hexose transporter  3 1 1 0 0 0 10 
K7VJC3 Cluster of Uncharacterized protein  6 1 1 1 1 0 6 
B4FDB1 Uncharacterized protein  5 2 1 2 1 1 5 
P49103 Cluster of Ras-related protein Rab-2-A  4 2 0 2 2 2 6 
C5XJ13 Cluster of Putative uncharacterized protein Sb03g033590  8 1 0 0 0 0 10 
B6SXH1 Putative uncharacterized protein  4 3 1 8 1 2 1 
B4G1Z4 Cluster of Uncharacterized protein  5 2 3 4 3 2 1 
B6T9R4 Cluster of Xylulose kinase  7 3 0 2 2 2 5 
Q41742 Cluster of Su1p (Fragment)  6 2 1 0 1 0 9 
Q41740 Cluster of 1,4-alpha-glucan branching enzyme  5 0 1 0 0 0 14 
C4J9C0 Cluster of Uncharacterized protein  6 2 10 1 2 0 2 
C0PDA6 Cluster of Uncharacterized protein  6 1 2 4 4 3 5 
P43401 EC protein homolog  5 2 3 5 3 1 6 
??
?
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C5XQ74 Cluster of Putative uncharacterized protein Sb03g026970  8 2 1 3 2 1 9 
B6SIP2 
Cluster of Hydrogen-transporting ATP synthase, rotational 
mechanism  7 2 2 2 2 3 9 
B6SJR7 Cluster of C-1-tetrahydrofolate synthase, cytoplasmic  8 3 2 3 4 3 7 
B4FMA9 Cluster of Uncharacterized protein  8 3 4 4 4 5 3 
Q2MJJ9 Cluster of Putative RH2 protein  8 4 2 3 4 4 6 
K7V1F2 Cluster of Anthocyanidin 3-O-glucosyltransferase  8 4 4 2 5 3 6 
C5YZF7 Cluster of Putative uncharacterized protein Sb09g002470  6 4 1 4 4 4 8 
C0PN92 Cluster of Uncharacterized protein  6 3 4 5 7 3 5 
K7TJH6 
Cluster of Putative translation elongation/initiation factor 
family protein  7 5 4 4 4 4 6 
C4J3B1 Pectinesterase  6 5 1 4 6 4 8 
B4FEA4 Cluster of Uncharacterized protein  7 4 0 5 5 6 8 
B6T9H3 Cluster of Asparate aminotransferase  7 2 3 2 2 6 13 
C5XFP1 Cluster of Putative uncharacterized protein Sb03g009260  7 3 7 4 7 3 6 
B6TPP7 Cluster of Threonine synthase  10 2 1 3 3 2 14 
C0PG96 Uncharacterized protein  7 7 3 2 8 4 6 
K7V686 Cluster of Eukaryotic translation initiation factor 3 subunit F  6 5 4 7 5 5 6 
C0PFJ2 Cluster of Uncharacterized protein  10 3 2 8 5 4 8 
B4F7V1 2-dehydro-3-deoxyphosphooctonate aldolase  9 4 2 10 5 7 3 
K7V763 Cluster of Uncharacterized protein  6 4 8 7 5 6 5 
B6SI41 Leucoanthocyanidin dioxygenase  7 14 0 6 8 7 0 
B6TYX3 Cluster of USP family protein  8 7 2 7 5 9 3 
B6TDE0 Cluster of NADP-dependent oxidoreductase P1  9 4 4 6 9 7 5 
C5XVB4 Cluster of Putative uncharacterized protein Sb04g003900  9 4 11 4 4 3 8 
B6UB43 Cluster of Acyl-CoA-binding protein  7 9 5 6 7 8 2 
B6T1L8 Cluster of 60S ribosomal protein L33-B  9 4 14 4 4 3 5 
C5YWF1 Cluster of Putative uncharacterized protein Sb09g029600  10 4 3 9 6 9 7 
B6T2Y5 Cluster of Esterase D  8 6 4 8 8 5 9 
B4FVD5 Cluster of Uncharacterized protein  10 5 4 9 7 6 8 
K7VD78 Cluster of Putative chaperone clbp family protein  9 5 9 5 5 6 10 
B6T8U5 Cluster of ER6 protein  6 6 7 6 7 6 12 
B6TVI1 Non-specific lipid-transfer protein  6 5 7 9 7 9 7 
B4FMB3 Cluster of Ribosomal protein L15  10 6 14 6 3 5 7 
B4FR03 OB-fold nucleic acid binding domain containing protein  9 7 2 10 10 7 7 
B4FNZ2 Cluster of Tubulin-specific chaperone A  6 7 10 11 7 8 4 
B6TJF0 Cluster of Universal stress protein  9 8 5 12 6 6 10 
C5YP67 Cluster of Putative uncharacterized protein Sb08g016560  8 8 8 7 7 10 7 
A2T1W7 Cluster of Aldose reductase  11 8 3 14 9 9 6 
B4FN17 Cluster of USP family protein  9 7 6 12 10 7 8 
B4G1G1 Cluster of Desiccation-related protein PCC13-62  8 32 1 5 5 8 1 
C5YMD2 Cluster of Putative uncharacterized protein Sb07g001680  6 7 12 12 8 10 8 
B6TEX6 Cluster of Cytochrome b-c1 complex subunit 7  10 7 13 12 11 12 6 
B6ST82 Cluster of Putative uncharacterized protein  9 9 11 13 8 14 9 
B6UGZ3 Cluster of Putative uncharacterized protein  7 9 13 13 6 14 12 
B6SJS8 Flower-specific gamma-thionin  9 8 12 11 6 8 20 
C0HJ53 Cluster of Uncharacterized protein  7 9 15 14 14 12 5 
B6SIF0 Glycine-rich RNA-binding protein 2  11 10 14 11 9 16 8 
B4FQ58 Cluster of Uncharacterized protein  8 15 11 18 15 13 5 
B4FL79 Cluster of Uncharacterized protein  6 12 21 16 15 13 8 
B4FNK8 Uncharacterized protein  11 9 11 15 15 19 11 
B4F822 Cluster of Proteasome subunit alpha type  13 16 22 17 19 11 9 
B4FE30 Cluster of Chaperonin  8 18 22 20 19 20 8 
B6U0W2 Cluster of Beta-galactosidase  14 16 21 24 28 25 2 
Q84UX6 Cluster of Nucleosome/chromatin assembly factor group A  13 15 23 23 19 33 5 
G9I6E1 Cluster of Acyl activating enzyme  13 18 41 26 21 18 20 
Q9FYS5 Cluster of High mobility group I/Y-2  19 26 38 33 18 36 12 
B6TN41 Cluster of Regulator of ribonuclease activity A  14 23 43 28 28 37 11 
B4FBE5 Cluster of Uncharacterized protein  2 0 1 1 0 0 1 
C0P294 Cluster of Uncharacterized protein  4 1 0 0 0 0 0 
B4FBF5 Uncharacterized protein  3 0 0 0 0 0 4 
B6SGT3 Xylanase inhibitor protein 1  5 1 0 1 1 0 0 
B8A0Q3 Uncharacterized protein  4 1 0 0 0 0 5 
B8A362 Cluster of Uncharacterized protein  5 1 1 1 2 0 2 
B6TT27 Cluster of Glutamate decarboxylase  4 1 1 1 2 0 2 
B4F7T1 Cluster of Uncharacterized protein  4 2 0 1 2 1 3 
B6U6S2 Cluster of Acyl-CoA synthetase long-chain family member 3  5 1 0 0 1 0 4 
K7VN31 Cluster of Uncharacterized protein  3 2 1 1 0 1 5 
B6U3A0 Cluster of Glycine-rich RNA-binding protein 7  6 1 1 1 2 1 0 
B6UDP0 Cluster of PDIL1-4-Zea mays protein disulfide isomerase  6 1 2 1 2 0 4 
C5WS54 Cluster of Putative uncharacterized protein Sb01g014140  4 2 1 2 1 1 7 
B4F8G9 Cluster of Uncharacterized protein  4 2 0 1 3 7 1 
B4G0Z7 Uncharacterized protein  5 2 1 3 2 1 4 
C5Z7D7 Cluster of Putative uncharacterized protein Sb10g008200  4 1 1 0 0 0 12 
??
?
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B6TY10 Cluster of Dihydroflavonol-4-reductase  5 2 2 4 2 1 3 
B6U0C2 Phenazine biosynthesis protein  5 2 2 4 3 1 2 
C4J594 Cluster of Uncharacterized protein  7 1 0 1 1 1 6 
B4FX20 AKIN gamma  4 2 1 1 2 2 6 
B4FA16 Cluster of Branched-chain-amino-acid aminotransferase  7 0 1 3 1 1 8 
B4FR86 Cluster of Uncharacterized protein  5 1 2 2 2 2 6 
B6SGF4 Nonspecific lipid-transfer protein  5 4 3 4 2 1 3 
K7UF80 Cluster of Uncharacterized protein  7 4 2 3 2 1 5 
B6SUW2 Cluster of Epoxide hydrolase 2  7 5 0 3 3 2 4 
C5WQV1 Cluster of Chorismate synthase  9 2 0 3 1 2 8 
B6UCV5 Shikimate biosynthesis protein aroDE  7 3 2 2 1 2 10 
C0P7N5 Cluster of Uncharacterized protein  6 3 3 4 4 6 2 
B6TLW3 Fiber protein Fb19  6 2 4 3 3 3 7 
B4G1C1 Cluster of Uncharacterized protein  6 4 2 6 4 4 5 
B6T6V5 Cluster of Ubiquitin carboxyl-terminal hydrolase  7 3 1 4 2 5 8 
B6STQ5 Cluster of Uncharacterized protein  4 3 4 5 4 5 6 
B6UI06 Cluster of Late embryogenesis abundant protein, group 3  6 6 4 10 3 2 0 
C0PJ26 Cluster of Uncharacterized protein  7 2 1 6 4 4 7 
B4FQV3 Cluster of Uncharacterized protein  6 2 9 3 4 2 6 
B4FR02 Cluster of Uncharacterized protein  8 3 2 5 3 3 7 
B4FQL2 Cluster of SEC13-related protein  7 6 2 5 2 5 5 
B6TL24 Cluster of Glyoxylate reductase  8 2 2 5 3 3 11 
C0PDX9 Cluster of Uncharacterized protein  8 0 5 5 2 2 11 
C0P7J4 Cluster of Uncharacterized protein  6 4 4 3 3 6 9 
B4FTE1 Cluster of Signal peptidase complex subunit 2  6 3 3 7 6 6 5 
C5XWW
2 Cluster of Putative uncharacterized protein Sb04g005550  5 3 4 7 4 6 7 
B4FQC9 Cluster of Proline iminopeptidase  7 4 4 5 5 3 10 
B6TB44 Protein transport protein SEC61 gamma subunit  6 3 5 6 8 7 3 
C5XJC7 Cluster of Putative uncharacterized protein Sb03g047200  7 3 0 5 6 7 12 
B6SN55 Cluster of AIR12  8 3 7 5 5 8 4 
B6TGL5 Cluster of Seed maturation protein  5 2 4 11 6 9 4 
B6SNM4 Cluster of Protein transport protein Sec61 beta subunit  7 3 5 7 7 6 6 
B6TLX2 Cluster of Fiber protein Fb15  5 5 5 9 7 6 6 
Q5XLE1 Cluster of Peptidyl-prolyl cis-trans isomerase  6 3 10 8 6 5 5 
K7UX59 Cluster of 3-isopropylmalate dehydrogenase  9 4 3 10 7 5 7 
C4J9S6 Cluster of Uncharacterized protein  8 3 0 0 0 34 0 
B4FQK5 Cluster of Eukaryotic peptide chain release factor subunit 1-1  9 6 4 7 6 8 5 
B6SJE6 Flower-specific gamma-thionin  12 4 3 7 9 7 4 
B6T1R4 Cluster of Uncharacterized protein  8 6 5 8 7 8 7 
B7ZY51 Cluster of Uncharacterized protein  8 5 9 8 7 8 4 
B7ZXF6 Cluster of Uncharacterized protein  13 5 3 8 7 5 9 
B4FTL0 Cluster of Uncharacterized protein  12 4 2 11 7 5 9 
B6U0P5 Cluster of Ubiquitin family protein  7 5 5 13 7 12 3 
B4FI86 Cluster of Proteasome subunit beta type  9 8 13 3 9 4 6 
B6TD62 Cluster of Membrane steroid-binding protein 1  7 5 6 9 9 11 7 
B6UGM1 Cluster of Prolamin PPROL 17  6 5 11 5 10 11 6 
B6SH65 Cluster of Cysteinyl-tRNA synthetase  10 8 7 7 8 9 7 
B6SU81 Cluster of Sulfurtransferase  9 6 6 9 9 8 9 
Q41898 Cluster of ATP synthase subunit epsilon, mitochondrial  10 7 6 11 10 9 4 
B6T6I3 
Cluster of Ubiquitin-activating enzyme E1 domain-containing 
protein 1  8 3 7 19 5 8 12 
P46252 Cluster of 60S acidic ribosomal protein P2A  6 6 19 9 10 10 2 
B8A2I6 Uncharacterized protein  7 8 7 11 13 14 3 
B6UCR8 Cluster of Proteasome subunit alpha type  6 9 15 8 12 6 7 
B6SI37 Embryonic abundant protein 1  10 16 9 15 10 5 2 
C0PHF3 Cluster of Uncharacterized protein  7 7 23 7 9 7 6 
Q49HD8 Cluster of 12-oxo-phytodienoic acid reductase  9 10 12 11 12 8 7 
B6SMX5 Low-molecular-weight cysteine-rich protein LCR70  7 26 2 11 7 13 3 
B6SW65 Cluster of Topoisomerase-like protein  11 7 6 15 13 14 5 
K7UV01 Uncharacterized protein  9 9 10 13 13 12 5 
K7US98 Cluster of Chloroplast protein synthesis2  8 9 16 10 11 7 12 
B6SRE7 Peptidyl-prolyl cis-trans isomerase  10 7 18 12 10 11 7 
C5WW86 Cluster of Putative uncharacterized protein Sb01g017310  8 13 20 12 11 10 5 
B7ZZP2 Cluster of Uncharacterized protein  9 9 9 15 14 10 14 
C5X5E3 Cluster of Proteasome subunit beta type  10 12 18 9 14 9 9 
C0PKD2 Cluster of Uncharacterized protein  9 12 14 17 13 11 6 
K7UCA4 Uncharacterized protein  12 13 8 16 20 15 3 
K7UXJ2 Cluster of Uncharacterized protein  9 13 17 15 15 15 5 
B4F9M6 Cluster of Uncharacterized protein  14 12 18 15 15 17 4 
B4FN06 Cluster of Programmed cell death protein 5  12 14 21 18 16 19 3 
B6SVI7 Cluster of Transcription factor BTF3  8 14 22 23 14 19 5 
K7W637 Cluster of Uncharacterized protein  2 1 0 0 0 0 1 
C5YZN3 Cluster of Putative uncharacterized protein Sb09g003220  4 0 0 0 0 0 2 
??
?
128 
B6TBF0 Cluster of Dcp1-like decapping family protein  4 0 0 0 0 0 3 
B7ZZN4 Cluster of Uncharacterized protein  2 0 0 0 0 0 5 
C5X8I6 Cluster of Putative uncharacterized protein Sb02g033170  3 1 0 1 0 0 4 
K7UB74 Uncharacterized protein (Fragment)  2 0 1 2 1 1 1 
C5XFV2 Cluster of Putative uncharacterized protein Sb03g009870  5 0 0 0 2 0 2 
K7VQR1 Cluster of Uncharacterized protein  4 1 1 1 1 1 3 
C5XHX1 Cluster of Putative uncharacterized protein Sb03g045970  5 0 0 1 0 0 4 
B4FMA8 SNF2 transcription factor  4 1 0 2 1 1 3 
B6SN88 Cluster of AT-rich element binding factor 3  4 3 0 2 1 0 2 
B6TI04 Developmentally-regulated GTP-binding protein 1  4 1 0 1 1 1 5 
K7UFW8 Uncharacterized protein  5 0 0 0 0 1 6 
Q5YFA2 Brassinosteroid biosynthesis-like protein  5 0 1 0 1 0 5 
B6TR84 Cluster of Glycine-rich RNA-binding protein 7  3 1 1 0 2 3 2 
K4N2V3 Cluster of Mutant Yuc1 protein  5 0 1 1 2 2 1 
B6TE61 Dihydroflavonol-4-reductase  3 1 0 1 2 1 5 
B4FH75 Dihydrodipicolinate reductase  4 1 0 2 2 2 3 
Q9ATL7 Cluster of Aquaporin TIP3-1  3 2 2 2 2 1 3 
C5YB46 Cluster of Putative uncharacterized protein Sb06g034050  5 2 0 1 0 2 5 
C5YPE5 Cluster of Putative uncharacterized protein Sb08g017220  4 1 1 3 2 1 5 
C0PGU8 Uncharacterized protein  4 1 1 1 2 3 4 
B6TNK2 Cluster of Uncharacterized protein  3 1 0 6 0 1 6 
B6SLI2 Cluster of RNA-binding protein 8A  3 2 2 4 2 3 1 
C0HI97 Uncharacterized protein  3 2 2 3 1 3 3 
C5XPG8 Cluster of Putative uncharacterized protein Sb03g026350  5 0 1 3 1 1 7 
B4FQE6 Uncharacterized protein  4 2 2 3 3 4 1 
C5WMI3 Cluster of Putative uncharacterized protein Sb01g037600  4 1 2 1 1 0 9 
B4FTP4 Cluster of Uncharacterized protein  7 1 1 1 2 0 6 
K7WDG3 Uncharacterized protein  5 1 2 2 1 2 6 
K7VBD3 Uncharacterized protein  5 3 0 4 5 3 0 
A8WES6 ZCN15  5 2 4 4 2 0 3 
P83506 Probable non-specific lipid-transfer protein 2  5 4 1 3 2 3 3 
Q7FS90 Cluster of Putative aldose reductase-related protein  5 1 1 5 4 2 3 
B4FUK2 Cluster of Peptidyl-prolyl cis-trans isomerase  6 2 2 5 4 2 1 
B6TLA2 Cluster of Thioredoxin reductase  4 2 1 4 4 4 3 
B4FNN8 Cluster of Uncharacterized protein  6 2 1 5 3 2 5 
B6U4F7 Acylamino-acid-releasing enzyme  4 4 2 4 5 3 2 
B6T5U0 Uncharacterized protein  4 4 0 5 5 5 0 
C5YCK7 Cluster of Putative uncharacterized protein Sb06g023390  4 3 2 6 4 4 2 
B4FTW4 Uncharacterized protein  5 4 1 4 4 3 5 
K7TFK8 Cluster of Uncharacterized protein  5 2 4 0 1 0 12 
C0HFQ1 Uncharacterized protein  5 0 3 3 2 2 11 
B6T1Q3 Cluster of Putative uncharacterized protein  5 4 2 6 5 4 2 
C5WW12 Cluster of Putative uncharacterized protein Sb01g003940  5 5 3 6 4 4 0 
C0PEC6 Cluster of Uncharacterized protein  7 2 2 5 3 5 5 
B6TRK2 Glucan endo-1,3-beta-glucosidase 3  5 4 3 5 4 6 4 
B6TW83 Cluster of Glucan endo-1,3-beta-glucosidase 6  8 6 1 7 6 3 0 
K7TZG6 Cluster of Uncharacterized protein  6 2 7 4 4 2 7 
B6T746 Cluster of Vesicle-associated membrane protein 725  5 3 4 6 3 4 7 
C5Z2M6 Cluster of Putative uncharacterized protein Sb10g031180  3 5 7 5 6 3 4 
B4FW31 Cluster of Protein phosphatase 2C isoform epsilon  5 3 6 8 2 3 7 
B6SJ37 Cluster of Acylphosphatase  5 4 6 6 5 7 3 
B6T7U2 Cluster of Aspartate carbamoyltransferase 1  4 4 16 3 3 3 1 
P56330 Cluster of Protein translation factor SUI1 homolog  7 4 5 7 5 6 3 
C4J6C7 Cluster of Eukaryotic translation initiation factor 1A  6 5 4 6 6 6 3 
C6KEM4 Aminoaldehyde dehydrogenase 2  5 5 6 6 7 4 4 
Q84TC2 Cluster of DIBOA-glucoside dioxygenase BX6  7 4 5 10 3 2 7 
K7V2Z8 Cluster of Uncharacterized protein  10 4 3 3 3 2 13 
B4FPJ2 U6 snRNA-associated Sm-like protein LSm3  6 5 6 6 7 7 4 
B4FHM1 Cluster of Uncharacterized protein  6 4 8 5 8 7 5 
K7U084 Uncharacterized protein  6 5 5 8 6 8 5 
K7W0M3 Uncharacterized protein  5 5 6 6 9 10 3 
B6UIG0 Uncharacterized protein  7 6 3 10 8 9 1 
C0HGE9 Cluster of Uncharacterized protein  6 5 7 9 7 9 3 
C0HEE6 Cluster of Uncharacterized protein  7 6 8 7 11 4 4 
B6SHU5 Fasciclin-like arabinogalactan protein 7  5 6 9 7 7 6 7 
B4FY74 Retrotransposon protein Ty1-copia subclass  8 6 5 6 12 6 5 
B4FDY6 Cluster of Proteasome subunit alpha type  6 6 7 8 7 7 7 
B6TQ43 Cluster of Seed maturation protein  6 5 7 9 8 7 6 
K7UMT7 Cluster of Proteasome subunit beta type  7 7 8 7 9 3 7 
O24413 Cluster of 60S acidic ribosomal protein P3  9 6 6 6 8 9 6 
B6TNJ2 Cluster of ATPase ASNA1 homolog  8 6 4 11 8 9 7 
B6T8F4 Ran-binding protein 1  6 8 9 9 6 8 7 
B6STJ0 Cluster of Pleckstrin homology domain containing, family A  5 8 11 12 6 7 5 
K7UPS4 Cluster of Uncharacterized protein  10 5 15 6 6 4 10 
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C0PGI4 Cluster of Uncharacterized protein  7 9 6 15 9 9 3 
C4JAE0 Cluster of Uncharacterized protein  8 8 12 9 8 9 4 
P23346 Cluster of Superoxide dismutase [Cu-Zn] 4AP  8 8 11 9 8 7 10 
B4FUI0 Cluster of Uncharacterized protein  9 7 8 13 10 10 6 
B4FSC8 Cluster of Uncharacterized protein  9 9 7 11 13 12 5 
C5XBD4 Cluster of Putative uncharacterized protein Sb02g023480  9 9 9 14 11 12 3 
C5YH94 Cluster of Methionine aminopeptidase 2  8 7 15 14 13 4 6 
B8A0D7 Cluster of Uncharacterized protein  6 8 18 12 11 10 3 
B4FN73 Cluster of Uncharacterized protein  10 10 10 7 15 12 6 
B4FHN3 Cluster of Uncharacterized protein  9 10 7 12 11 15 8 
B4FKK9 Cluster of Uncharacterized protein  10 10 7 12 11 18 7 
K7TWJ7 Cluster of Putative nucleolin-like family protein  8 7 15 11 11 17 6 
B6SIM7 Cluster of Proteasome subunit beta type  9 9 15 11 13 10 8 
B4FSM5 Peroxiredoxin-5  8 9 19 12 14 13 2 
C0P3K4 Cluster of Uncharacterized protein  7 10 20 14 13 10 4 
K7TSU4 Cluster of Putative O-Glycosyl hydrolase superfamily protein  6 8 30 14 11 9 5 
C0PAG2 Cluster of Uncharacterized protein  10 11 17 19 14 18 4 
B4FRC6 Cluster of Uncharacterized protein  7 10 34 8 9 14 15 
C4J9M7 Cluster of 2-cys peroxiredoxin BAS1  9 14 30 14 19 18 10 
B4FBI6 Cluster of Uncharacterized protein  10 13 21 24 23 22 5 
B6SKS2 Cluster of Putative uncharacterized protein  11 16 35 24 20 23 8 
C0P732 Cluster of Uncharacterized protein  12 18 30 31 19 26 3 
B4F9K4 Cluster of Uncharacterized protein  7 28 47 23 22 10 7 
K7W3D2 Cluster of Uncharacterized protein  4 14 56 34 14 19 15 
B6TPK4 Delta-aminolevulinic acid dehydratase  19 19 32 38 33 36 4 
B4F8M8 Cluster of Uncharacterized protein  17 24 60 32 34 35 2 
P15241 Keratin, type II microfibrillar, component 7C  1 0 0 0 0 0 0 
K7V2S9 Uncharacterized protein  1 0 0 1 0 0 0 
C5YXG7 Cluster of Putative uncharacterized protein Sb09g019180  1 1 1 0 0 0 1 
K7V532 Secreted protein  3 0 0 0 0 0 1 
K7UTD0 Cluster of Uridine kinase  3 0 0 0 1 0 1 
K7U9P3 Uncharacterized protein  2 1 0 1 1 1 0 
G3K3T2 Cluster of Guanine-nucleotide-exchange protein  2 1 1 0 0 0 2 
B6TNK0 Uncharacterized protein  2 0 0 1 0 0 3 
C5YU98 Cluster of Malic enzyme  3 1 0 1 1 0 1 
C0PH60 Cluster of Uncharacterized protein  3 0 0 0 0 0 3 
C0PAS6 Cluster of Uncharacterized protein  2 1 1 0 0 0 3 
K7VC25 Uncharacterized protein  2 0 0 0 0 0 4 
B6T8F6 Uncharacterized protein  1 1 1 1 2 1 1 
P81009 Defensin-like protein 2  2 0 0 1 0 0 4 
B6TGN6 Cluster of 3-dehydroquinate synthase  4 1 0 1 1 1 1 
C5WRM4 Cluster of Putative uncharacterized protein Sb01g041650  3 0 0 0 0 0 4 
B4FK47 Uncharacterized protein  4 1 0 1 1 0 2 
C5Y9L6 Cluster of Putative uncharacterized protein Sb06g031590  3 1 0 0 0 0 4 
B6TGB9 Heterogeneous nuclear ribonucleoprotein A3  4 1 0 1 0 0 3 
K7UEH3 Uncharacterized protein  3 0 1 0 0 0 4 
B6T484 Cluster of MPK4-putative MAPK  4 1 1 1 1 0 2 
K7VSB1 Cluster of Uncharacterized protein  4 1 0 0 0 0 4 
B6SGM5 
Cluster of Putative oxidoreductase, aldo/keto reductase 
family protein  3 1 1 1 1 1 3 
B6TXZ8 Cluster of Alanine aminotransferase 2  4 1 0 0 0 0 4 
C5X0B5 Cluster of Putative uncharacterized protein Sb01g007960  2 1 0 2 0 1 4 
K7VXF0 Cluster of Uncharacterized protein  7 1 0 0 3 0 0 
B4F7S2 Jasmonate-induced protein  4 1 1 2 1 2 0 
B4FER1 Cluster of Uncharacterized protein  2 2 1 2 1 2 2 
K7TIS4 Cluster of Uncharacterized protein  2 1 1 2 1 2 3 
C0P4C1 Uncharacterized protein  5 1 1 1 1 1 3 
D2JSQ1 Cluster of ATP synthase subunit 4  4 1 0 2 1 2 3 
K7UGH3 Cluster of Uncharacterized protein  3 1 0 1 1 1 4 
K7VCQ2 Cluster of Uncharacterized protein  4 1 1 1 2 1 3 
B6TJH0 NEDD8-activating enzyme E1 catalytic subunit  3 1 1 3 1 2 2 
B6U7D8 Cluster of Cinnamyl alcohol dehydrogenase  3 1 2 1 2 1 3 
B6SKS5 Cluster of 3-oxoacyl-synthase III  4 1 1 2 2 2 3 
C0P3M5 Cluster of Uncharacterized protein  5 2 1 1 1 1 3 
B6TS19 36.4 kDa proline-rich protein  3 1 3 3 2 1 2 
B8A2L1 Uncharacterized protein  4 3 0 3 2 2 2 
C5XAN5 Cluster of Putative uncharacterized protein Sb02g022890  3 2 2 3 2 2 1 
B6U2R1 Ethylene-responsive protein  4 2 1 3 2 2 2 
C0HGR4 Uncharacterized protein  3 2 1 2 1 3 5 
B7ZXB7 Coatomer subunit gamma  4 2 1 1 1 1 7 
K7TXM3 Stem-specific protein TSJT1  5 2 1 2 1 0 7 
O49975 MKK6-putative MAPKK  3 2 1 2 2 2 7 
C4J6T3 Cluster of Uncharacterized protein  4 2 1 5 2 2 2 
C4J333 Uncharacterized protein  5 2 1 3 2 2 4 
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Q5K097 Cluster of NADH dehydrogenase, subunit 9  4 1 1 3 3 2 4 
P13867 Cluster of Alpha-amylase/trypsin inhibitor  5 3 2 3 1 0 5 
B6TU74 Cluster of Putative uncharacterized protein  6 1 1 4 2 2 4 
B6TB21 Anamorsin homolog  4 2 1 4 4 3 3 
B6SGU6 Putative uncharacterized protein  3 3 3 4 4 2 1 
E9JVD4 Cluster of Aldose reductase  6 1 0 8 4 1 1 
B6TU39 Cluster of Peroxidase 2  4 2 2 2 2 2 6 
B4FGF5 Uncharacterized protein  7 1 2 5 2 1 2 
B4FG65 Uncharacterized protein  6 2 3 0 2 1 8 
C5WRE6 Cluster of Putative uncharacterized protein Sb01g028560  6 1 1 4 3 4 2 
B4FXW5 Uncharacterized protein  4 2 3 3 3 4 3 
B4FAI1 N-acetyl-gamma-glutamyl-phosphate reductase  4 1 3 3 3 2 6 
C0HF65 Cluster of Uncharacterized protein  3 2 4 5 3 2 4 
B4F9N8 Cluster of Uncharacterized protein  6 4 2 5 1 3 2 
B4FL77 Cluster of Rickettsia 17 kDa surface antigen family protein  4 3 2 4 4 5 2 
K7UHE8 
Putative translation elongation/initiation factor family protein 
(Fragment)  4 3 2 3 3 4 4 
B4FEB2 Cluster of Uncharacterized protein  4 3 3 4 2 2 5 
F2YI17 Cluster of SSIII  6 3 4 1 1 1 8 
B4F945 Cluster of Uncharacterized protein  5 2 2 6 4 2 3 
B4FYM0 Acetyl-CoA acetyltransferase, cytosolic 2  6 1 4 4 2 3 3 
B6SN85 
Cluster of H/ACA ribonucleoprotein complex subunit 3-like 
protein  4 4 2 6 5 5 0 
Q8LK07 Cluster of Histone H1  7 2 1 5 3 6 3 
B6SK06 Cluster of Histone deacetylase 2b  5 4 3 3 5 3 3 
C0P4P5 Uncharacterized protein  5 5 5 4 5 2 2 
B6T8E4 Embryonic abundant protein 1  3 2 0 16 5 1 0 
Q946V8 19kD alpha zein D1  4 1 7 6 3 2 6 
B4FV48 Cluster of Multidomain cystatin  3 3 6 6 5 3 1 
B4FVX5 Uncharacterized protein  5 4 5 5 3 3 3 
B6TDH1 Cluster of DAG protein  4 3 5 5 3 6 3 
B6SHY0 Cluster of ATOZI1  6 2 4 5 5 5 4 
B4F8U6 Cluster of Uncharacterized protein  6 4 4 4 5 1 6 
B4FTB5 Cluster of Proteasome subunit beta type  5 4 6 5 5 4 2 
K7VB34 Cluster of Uncharacterized protein  5 4 3 5 4 5 4 
C0HGH7 Cluster of Uncharacterized protein  6 5 3 7 6 3 1 
B6SRJ3 40S ribosomal protein S30  5 4 2 4 6 6 6 
B6TXM6 Cluster of 10-deacetylbaccatin III 10-O-acetyltransferase  6 2 6 7 3 2 8 
B4G1B0 Cluster of Remorin  5 6 9 5 4 3 3 
B6TPA2 Cluster of Putative uncharacterized protein  6 3 5 4 4 5 7 
K7V792 Cluster of Uncharacterized protein  7 5 6 6 4 4 2 
B8A1N1 Cluster of Uncharacterized protein  4 5 6 6 4 5 6 
B6TQ98 Cluster of Peroxisomal multifunctional enzyme type 2  7 4 3 8 7 3 5 
B6TCK3 NADH-cytochrome b5 reductase-like protein  6 4 5 7 7 5 5 
B4FT80 OB-fold nucleic acid binding domain containing protein  7 5 4 8 6 5 5 
B6T3E6 Cluster of Putative uncharacterized protein  6 4 4 6 6 5 8 
C0PF85 Cluster of Uncharacterized protein  9 4 4 5 8 5 4 
P13689 Auxin-binding protein 1  4 2 10 8 6 3 6 
C0PAJ9 Cluster of Uncharacterized protein  7 7 2 9 6 6 3 
B6T9W6 Cluster of Charged multivesicular body protein 1b  5 5 8 8 5 5 3 
C0P6Q4 Cluster of Transcribed sequence 1087 protein  7 3 4 6 6 5 9 
B4FEI6 Cluster of Uncharacterized protein  7 7 2 8 6 8 3 
B6UHB6 Cluster of Histone H1  7 3 6 5 10 10 2 
C0P680 Cluster of Uncharacterized protein  6 5 6 6 8 9 5 
B8A3G9 Cluster of Uncharacterized protein  6 7 7 7 8 6 4 
Q6RW09 Cluster of Allene oxide cyclase  3 5 10 11 7 10 1 
B6TZG5 Fasciclin-like arabinogalactan protein 10  7 6 7 12 7 9 4 
C0PGL4 Uncharacterized protein  5 6 8 12 11 11 2 
B6UGS3 Cluster of Oleosin  9 8 6 11 8 10 4 
B4FTP9 
Cluster of Putative HSP20-like chaperone domain family 
protein  6 4 21 6 6 7 7 
B4FAV4 Cluster of Argininosuccinate lyase  8 3 12 8 5 5 17 
B4FUJ6 Uncharacterized protein  9 10 8 9 11 12 3 
K7U372 Cluster of GrpE protein homolog  6 11 11 13 10 13 3 
B6T5R1 Ran-binding protein 1  7 10 11 11 8 15 5 
Q94F79 Cluster of Nucleosome/chromatin assembly factor A  4 7 18 9 11 12 7 
B4FCA4 Cluster of COP9 signalosome complex subunit 4  8 11 9 17 12 13 4 
B6U627 Cluster of Armadillo/beta-catenin-like repeat family protein  7 12 12 15 9 16 4 
K7VHB1 Cluster of Putative RAN GTPase activating family protein  10 14 18 19 17 12 4 
B6TNI6 Cluster of DREPP4 protein  9 13 19 16 16 19 6 
B4FTE5 Uncharacterized protein  11 13 19 21 18 19 5 
B6U9I3 Cluster of Eukaryotic translation initiation factor 3 subunit J  9 17 16 22 18 28 2 
C0HI51 Uncharacterized protein  9 16 24 21 18 22 5 
P78385 Cluster of Keratin, type II cuticular Hb3  1 0 0 0 0 0 0 
??
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K7VBT8 
Cluster of Putative AMP-dependent synthetase and ligase 
superfamily protein  1 0 0 0 0 0 0 
B6SP63 Cold shock protein-1  2 0 0 0 0 0 0 
B4G1Z2 Uncharacterized protein  1 1 0 0 0 0 1 
C0P8G5 Uncharacterized protein  2 0 0 0 0 0 1 
C0PFQ6 Uncharacterized protein  2 0 0 0 0 0 1 
C0P9I5 Uncharacterized protein  2 0 0 0 0 0 1 
B6TDB7 Cluster of COP9 signalosome complex subunit 3  2 0 0 1 0 0 0 
B6SWV1 Cluster of Glucose-6-phosphate 1-dehydrogenase  2 0 0 0 0 0 2 
B6TQY2 Serine/threonine-protein phosphatase 2A activator 2  1 0 1 0 0 0 1 
Q84Y01 Inositol-tetrakisphosphate 1-kinase 1  2 0 0 0 0 0 1 
B4FC49 Cluster of Uncharacterized protein  1 0 0 0 0 0 2 
B6TQ02 PDIL5-4-Zea mays protein disulfide isomerase  2 0 0 0 0 0 1 
B6T8D4 
Cluster of 1-acyl-sn-glycerol-3-phosphate acyltransferase 
zeta  2 1 0 0 0 0 1 
C5X0H7 Cluster of Putative uncharacterized protein Sb01g021020  2 0 0 0 0 0 2 
B6T2X9 
Cluster of Low molecular weight protein-tyrosine-
phosphatase slr0328  2 0 0 1 1 1 1 
K7UB69 Putative RING zinc finger domain superfamily protein  2 0 0 1 0 0 2 
B4FY63 Cluster of Annexin  2 1 0 1 1 0 0 
B4G080 Cluster of Caffeoyl-CoA O-methyltransferase 1  2 1 0 0 1 1 1 
B4FSV8 Oligosaccharide transporter  3 0 0 0 0 0 2 
K7VWJ6 Cluster of Uncharacterized protein  2 1 1 0 0 0 2 
B6TCA9 Cluster of Diphosphomevalonate decarboxylase  2 0 0 1 0 0 1 
B4FYN0 
Mitochondrial import inner membrane translocase subunit 
Tim13  1 1 2 0 0 0 2 
B4G058 Uncharacterized protein  3 0 0 0 1 0 2 
B4FYQ7 Cluster of Uncharacterized protein  2 1 0 1 0 1 2 
B6ST61 Transmembrane 9 superfamily protein member 2  1 1 0 0 0 0 4 
C4J6R6 Cluster of Uncharacterized protein  1 0 0 1 0 0 4 
B6SWZ4 Cluster of Propionyl-CoA carboxylase beta chain  3 1 0 0 1 0 2 
B6TK42 Cluster of Syntaxin 72  1 0 1 1 0 1 1 
B6UAU8 Cluster of O-succinylhomoserine sulfhydrylase  3 0 0 1 1 0 1 
K7TVF1 Cluster of Homoserine dehydrogenase  2 0 0 0 0 0 4 
B4F881 Cluster of Uncharacterized protein  1 0 1 1 1 0 3 
B4FDG2 Uncharacterized protein  2 0 2 0 1 0 2 
B4FF47 Cluster of Uncharacterized protein  3 0 1 1 0 0 3 
B6UI15 Subtilisin-chymotrypsin inhibitor CI-1B  1 0 1 1 1 0 2 
C5Y5P5 Cluster of Putative uncharacterized protein Sb05g004500  4 1 0 0 1 0 1 
Q1KK82 NADH dehydrogenase subunit 7  3 1 0 1 1 1 1 
B4G1Y5 Uncharacterized protein  4 0 0 1 1 0 2 
K7U9Y0 Uncharacterized protein  2 0 0 2 1 0 2 
B8A280 Uncharacterized protein  3 1 1 2 1 1 0 
C5XME6 Cluster of Putative uncharacterized protein Sb03g037040  3 0 0 2 0 1 2 
C5XWT6 Cluster of Putative uncharacterized protein Sb04g038560  2 1 0 1 0 0 4 
B6TKH0 
Putative serine/threonine protein phosphatase superfamily 
protein  2 1 2 2 1 0 1 
B6UDG4 Cluster of Malic enzyme  3 0 0 1 0 0 3 
C4J8V6 Cluster of Uncharacterized protein  3 0 0 1 0 1 3 
C6KE75 Cluster of DNA topoisomerase I  3 1 0 0 1 1 2 
C5Y0C0 Cluster of Putative uncharacterized protein Sb04g030600  3 1 0 1 1 0 3 
Q8S531 Cluster of Cytosolic aldehyde dehydrogenase RF2C  3 1 0 0 2 0 2 
C0PKL2 Uncharacterized protein  3 1 0 1 1 1 2 
B4FTB0 Uncharacterized protein  2 1 0 3 1 0 2 
B6TDE4 Cluster of Serine carboxypeptidase 1  2 1 2 1 1 0 2 
C5Y1D9 Cluster of Putative uncharacterized protein Sb04g032430  3 1 0 1 2 1 2 
C5YZI4 Cluster of Putative uncharacterized protein Sb09g002740  2 1 0 2 3 0 0 
B4FSP1 Uncharacterized protein  3 1 1 2 1 1 0 
C0HDT7 Uncharacterized protein  3 3 0 1 0 1 1 
O22632 Cluster of Nitrate-induced NOI protein  2 1 1 1 2 1 2 
B6TBD1 Cluster of Eukaryotic translation initiation factor 4E-1  2 2 1 2 2 1 1 
B6UFM0 Cluster of PH domain containing protein  4 1 1 1 1 1 2 
C5XTI5 Cluster of Putative uncharacterized protein Sb04g034640  2 1 0 1 1 1 5 
K7TP35 3-oxoacyl-synthase III, mRNA  3 0 2 2 1 1 2 
K7W544 Cluster of Gibberellin receptor GID1L2  2 1 1 2 0 2 2 
B4FHK5 Cluster of NPL4 family  3 1 0 0 2 0 4 
B6SJK9 Jasmonate-induced protein  4 1 1 1 1 1 1 
B6TC19 Cluster of Dehydrogenase/reductase SDR family member 2  3 2 0 1 1 1 4 
B6TLL9 Cluster of Signal recognition particle receptor beta subunit  4 0 1 1 1 0 5 
B6TMG9 
Cluster of Mitochondrial NADH ubiquinone oxidoreductase 29 
kDa subunit  3 0 0 1 1 1 5 
B6TFE4 Cluster of Ribokinase  3 1 1 1 1 1 3 
B6UGY2 Cluster of MFT2-Corn MFT-like protein  4 1 1 1 1 1 2 
B4FU01 Cluster of Cystathionine gamma-synthase  4 1 0 1 1 1 4 
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K7UK29 Cluster of Uncharacterized protein  4 1 0 1 1 1 4 
B4FFI2 Nitrilase-associated protein  3 2 0 3 2 2 0 
B5AMJ8 Phosphorylase  6 1 2 0 1 1 2 
K7W9A6 Uncharacterized protein  6 1 0 1 1 2 1 
B4FT61 Cluster of Uncharacterized protein  3 0 0 3 1 1 4 
B4G195 Cluster of Aspartate aminotransferase  4 1 0 2 1 0 4 
B6UG51 Cluster of Cytochrome b5  2 1 1 3 4 2 0 
Q6Y2W9 Cluster of Atypical receptor-like kinase MARK  3 1 2 2 2 1 2 
C5XUC3 Cluster of Putative uncharacterized protein Sb04g035550  4 1 1 2 1 1 4 
K7TTR7 Cluster of Uncharacterized protein  3 1 2 1 2 1 3 
B6TDK1 Putative uncharacterized protein  2 2 1 1 3 2 3 
C5Y688 Cluster of Aldehyde dehydrogenase  4 0 0 1 1 1 6 
B4FRC2 Cluster of Uncharacterized protein  4 1 1 3 1 2 1 
B4FCR0 Uncharacterized protein  3 1 2 2 2 2 2 
C0PB60 Cluster of Uncharacterized protein  3 1 1 3 1 1 5 
C5YLD1 Cluster of Putative uncharacterized protein Sb07g000320  3 1 2 1 1 1 6 
B6SMY5 Putative uncharacterized protein  2 2 5 1 1 1 2 
B4FN58 Cluster of Protein-L-isoaspartate O-methyltransferase  2 2 1 2 3 3 1 
B4G0E0 Glutaryl-CoA dehydrogenase isoform 1  4 1 0 3 2 0 5 
C0P8L5 Cluster of Uncharacterized protein  3 0 2 2 2 1 5 
C0PFB1 Uncharacterized protein  2 2 2 3 2 2 1 
B6SYF5 Cluster of Peptidyl-prolyl cis-trans isomerase  3 1 2 4 3 2 0 
Q9SBX0 Cluster of Toc34-1 protein  4 1 1 2 0 1 6 
B4FSW8 Cluster of Grx_S17-glutaredoxin subgroup II  4 1 2 4 3 2 1 
B6TR63 Cluster of Histidine biosynthesis bifunctional protein hisIE  4 2 1 5 2 2 1 
K7VA33 Cluster of Uncharacterized protein  4 3 3 2 2 2 0 
B4FP70 Cluster of Small nuclear ribonucleoprotein-associated protein  3 2 2 4 2 3 1 
K7UGK6 
Putative ARM repeat-containing protein containing family 
protein  5 1 2 1 1 0 7 
K7V5D2 Bundle sheath cell specific protein 1  3 3 3 3 2 2 0 
B6SGN7 Embryonic protein DC-8  3 2 2 5 3 2 0 
O64409 Cluster of Glutathione reductase (Fragment)  3 1 3 1 4 0 4 
B4FZK6 Cluster of Methionine aminopeptidase  4 2 2 2 1 2 4 
Q8W525 Formate tetrahyrofolate ligase (Fragment)  5 0 2 2 1 1 7 
B4F833 Cluster of Diaminopimelate epimerase  4 2 2 4 1 1 3 
B6TVM7 
Cluster of 4-methyl-5-thiazole monophosphate biosynthesis 
protein  3 1 1 6 3 2 2 
B4FR28 Cluster of Uncharacterized protein  2 2 3 2 3 4 2 
Q4FZ46 Cluster of Cystatin  4 2 3 3 3 1 2 
B4FEA2 Uncharacterized protein  5 2 2 2 4 4 2 
B6T9P5 Cluster of Coatomer subunit zeta-1  3 3 3 3 3 2 2 
C5XUH6 Cluster of Putative uncharacterized protein Sb04g036030  4 2 3 3 2 3 4 
B6T828 Cluster of Grx_C4-glutaredoxin subgroup I  4 3 2 4 3 3 2 
Q8W512 Cluster of HMG-like nucleosome/chromatin assembly factor D  2 4 3 4 3 5 1 
B4FQA9 Cluster of Uncharacterized protein  4 2 1 4 4 2 3 
C5WX30 Cluster of Thioredoxin  4 4 1 4 2 3 2 
B6SYD0 60S ribosomal protein L22-2  5 3 1 4 2 4 3 
B6SZD1 Mitochondrial import receptor subunit TOM20  5 3 1 3 3 3 4 
Q6E0J0 Cluster of U1 snRNP  4 3 2 5 3 4 0 
C5WZC3 Cluster of Putative uncharacterized protein Sb01g019730  3 4 3 4 3 3 3 
C0P9Y4 Uncharacterized protein  4 2 3 4 3 3 3 
B6SUK1 Cluster of Ligatin  4 2 3 5 3 4 2 
B4FNI0 Cluster of Uncharacterized protein  5 1 4 4 5 2 1 
B4FSE0 Cluster of Uncharacterized protein  4 3 4 3 3 3 4 
B6TIV3 Cluster of Putative uncharacterized protein  4 2 2 6 2 5 3 
B6TZB7 Arsenical pump-driving ATPase  4 2 4 5 3 3 3 
Q8LJR0 Cluster of Water-stress protein  6 4 1 5 3 5 1 
B4F9E8 Cluster of Uncharacterized protein  5 1 8 4 3 4 1 
C0P3V1 Putative D-mannose binding lectin domain related protein  3 3 4 3 2 4 7 
B4FBC9 Cluster of Putative patellin family protein  5 1 5 4 3 4 5 
B4FSU4 Uncharacterized protein  4 3 10 2 4 2 2 
C5WXM5 Cluster of Ribosomal protein L37  6 4 5 5 4 2 1 
Q6JN54 Cluster of Acc oxidase  5 3 0 8 5 7 0 
Q9FQC7 Cluster of Glutathione S-transferase  4 2 3 6 4 4 4 
B6SLM7 Uncharacterized protein  3 4 5 6 5 4 3 
B6T5S5 RNA binding protein  4 5 7 3 3 4 3 
B6THA2 
Cluster of Haloacid dehalogenase-like hydrolase domain-
containing protein 1A  5 5 4 7 4 3 3 
C0PHK1 Cluster of Uncharacterized protein  4 4 2 8 5 7 1 
C5WTY4 Cluster of Putative uncharacterized protein Sb01g002180  5 4 5 3 5 6 3 
B6T346 Cluster of THO complex subunit 4  4 5 4 8 6 5 0 
Q9FQA9 Cluster of Glutathione S-transferase GST 30  2 5 2 6 3 9 6 
C0HDU2 Cluster of Uncharacterized protein  7 7 1 7 5 6 2 
B6TTP4 Stress-inducible membrane pore protein  7 6 3 8 7 4 2 
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C0PGF0 Cluster of Uncharacterized protein  6 1 6 4 3 4 11 
B6U1Q4 Cluster of COX VIIa-like protein  5 5 4 9 6 7 2 
B6TTI7 Cluster of 26S proteasome non-ATPase regulatory subunit 8  4 6 2 7 5 5 8 
Q4A1J1 Cluster of Putative cystatin (Fragment)  5 9 3 6 10 2 2 
O22656 Cluster of Putative ubiquitin-conjugating enzyme family  3 6 6 6 4 8 4 
Q4TZJ2 Cluster of Pyrroline-5-carboxylate reductase  6 5 4 7 7 7 2 
B6TJ91 Cluster of Splicing factor, arginine/serine-rich 7  5 5 6 7 7 6 4 
Q43266 Cluster of Proliferating cell nuclear antigen  6 4 5 7 4 5 8 
B4FDN9 Cluster of Uncharacterized protein  5 3 6 10 5 7 4 
C0PEX7 Cluster of Uncharacterized protein  7 7 6 6 4 8 3 
B4F957 Cluster of Pro-resilin  5 6 3 11 9 7 1 
B8A2G7 Cluster of Uncharacterized protein  5 5 10 6 6 4 6 
B6TU01 Cluster of Uncharacterized protein  4 5 5 12 7 7 3 
Q0PCF2 Cluster of Deoxymugineic acid synthase1  9 8 3 6 8 5 3 
B4G250 Cluster of Uncharacterized protein  4 6 9 10 4 9 1 
K7VIW0 Uncharacterized protein  5 7 9 9 7 7 1 
B6T653 Cluster of NADPH quinone oxidoreductase 1  5 7 7 9 9 8 1 
C0P5F2 Cluster of Uncharacterized protein  7 5 6 12 7 10 2 
B6T5R2 Cluster of Mitochondria fission 1 protein  5 3 5 10 8 15 5 
C0PH06 Uncharacterized protein  7 6 10 8 8 9 3 
B6TFD8 Cluster of Pantothenate kinase 4  6 7 8 11 6 11 4 
B6SWA1 Dek protein  7 8 6 15 10 8 0 
B6TKU7 Cluster of Sex determination protein tasselseed-2  5 8 9 8 13 7 4 
B4FMB1 Cluster of Uncharacterized protein  5 5 16 7 9 3 10 
B4FPU2 Cluster of Uncharacterized protein  7 5 6 12 10 11 3 
B6TI68 Cluster of Nucleic acid binding protein  6 8 8 12 6 9 6 
B4FCQ4 Cluster of Cytochrome c oxidase subunit  5 7 12 10 7 11 2 
B6SID7 Cluster of Late embryogenesis abundant protein, group 3  7 13 3 15 8 12 0 
B6T5L0 KH domain containing protein  6 8 7 10 10 13 5 
C5WMP6 Cluster of Putative uncharacterized protein Sb01g049990  5 6 10 12 9 13 4 
B4FIR2 Cluster of Uncharacterized protein  4 6 16 6 9 18 2 
B4FE15 Cluster of Calcium ion binding protein  5 8 16 11 10 9 2 
B6SSV3 Cluster of Fasciclin-like arabinogalactan protein 7  11 6 11 14 14 8 5 
B6U4I4 Cluster of Microtubule-associated protein MAP65-1a  8 6 9 19 13 14 0 
B6T4T7 Cluster of Cytochrome c  8 11 14 15 12 12 2 
B4FPA4 Cluster of Uncharacterized protein  9 12 11 11 14 19 4 
B6UES0 Cluster of Charged multivesicular body protein 4b  7 8 10 18 14 20 3 
C5WZW0 Cluster of Putative uncharacterized protein Sb01g048260  10 13 18 20 12 16 8 
B4FZU9 Cluster of Uncharacterized protein  8 13 24 17 13 18 13 
Q00LN5 Cluster of Mucronate mutant 16 kDa gamma zein  4 4 8 5 83 5 6 
B6SNL3 Putative uncharacterized protein  1 0 0 0 0 0 0 
K7U6L3 Uncharacterized protein (Fragment)  1 0 0 0 0 0 0 
P00883 Fructose-bisphosphate aldolase A  1 0 0 0 0 0 0 
B4FVG6 Pectinacetylesterase  1 0 0 0 0 0 0 
B4FPF5 Uncharacterized protein  1 0 0 0 0 0 1 
B4G134 Glycosyltransferase  1 0 0 0 0 0 0 
K7VDE3 Uncharacterized protein  1 0 0 0 0 1 0 
K7VLG0 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
B4FN09 Cluster of Uncharacterized protein  1 0 0 1 0 0 0 
B6U832 GTP binding protein  1 0 0 0 0 0 0 
B4FGP9 Uncharacterized protein  1 0 0 0 0 0 0 
B6SNZ1 Chemocyanin  2 0 0 0 0 0 0 
B6T1J1 PHD finger-like domain-containing protein 5A  1 0 0 0 0 0 0 
K7UIS1 Peptidyl-prolyl cis-trans isomerase  1 0 1 0 0 0 0 
B6U899 
Cluster of Histone-lysine N-methyltransferase, H3 lysine-9 
specific SUVH1  1 0 0 0 0 0 1 
B7ZZ71 Cluster of Uncharacterized protein  1 0 0 0 0 0 1 
K7VGK6 Cluster of Uncharacterized protein  1 0 0 0 0 0 1 
P52580 Isoflavone reductase homolog IRL  1 0 0 0 0 1 0 
A4ULE1 Nitrilase 2  1 0 0 0 0 0 1 
B4FCX7 Cluster of Uncharacterized protein  1 0 0 1 0 0 0 
B4FF28 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
B4FL35 Cluster of Eukaryotic translation initiation factor 3 subunit K  1 0 0 0 0 0 1 
B4FUB5 Cluster of Peptidyl-prolyl cis-trans isomerase  1 0 0 0 0 0 1 
B4G0U5 Cluster of Glycoside hydrolase, family 28  2 0 0 0 0 0 1 
C0HFV7 Putative apyrase family protein  1 1 0 0 0 0 1 
K7U2N2 Cluster of Uncharacterized protein  1 0 0 0 1 0 0 
K7VBA9 Cluster of Uncharacterized protein  1 0 0 0 0 0 2 
B4F8K5 Cluster of Uncharacterized protein  1 0 0 0 1 1 0 
B6TLU5 Lipid binding protein  1 1 0 0 1 0 0 
K7UF32 Cluster of Putative argonaute family protein  1 0 0 0 0 0 1 
B6TYV2 Inner envelope membrane protein  1 0 0 0 1 0 1 
C0PAH7 Cluster of Uncharacterized protein  1 0 0 0 0 0 1 
C0PI96 DNA-directed RNA polymerase  1 0 0 0 0 0 1 
??
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C5WTX0 Cluster of Putative uncharacterized protein Sb01g002020  1 0 0 0 0 0 1 
K7V1T5 Uncharacterized protein  1 0 0 1 0 0 0 
B4FHG5 Uncharacterized protein  1 0 0 0 0 0 2 
B4FWX1 Uncharacterized protein  1 0 0 0 1 0 0 
C4J489 Cluster of Receptor-like protein kinase  1 0 0 0 1 0 1 
C5WT49 Cluster of Putative uncharacterized protein Sb01g014770  1 1 0 0 0 0 2 
C5X0F4 Cluster of Putative uncharacterized protein Sb01g020820  1 1 0 1 1 1 0 
B6UHW8 Putative uncharacterized protein  1 0 0 0 0 2 0 
B7ZY34 Uncharacterized protein  2 0 0 0 0 0 1 
K7UTZ0 Cluster of Hexose transporter  1 1 0 0 0 0 2 
K7VGX5 Putative VHS/GAT domain containing family protein  2 1 0 0 1 0 0 
A1Y2B7 Protein SUPPRESSOR OF GENE SILENCING 3 homolog  1 0 0 0 0 0 2 
B4G0B0 Lipid binding protein  2 0 0 0 1 0 1 
B6SK40 Mitochondrial import receptor subunit TOM20  1 1 1 0 1 0 1 
C0PHF1 Cluster of Uncharacterized protein  1 0 1 0 1 0 1 
C4J9R0 Cluster of Uncharacterized protein  2 1 1 1 0 0 0 
K7TN31 Cluster of Uncharacterized protein  2 0 0 0 0 0 2 
B4FQE0 Ribose-phosphate pyrophosphokinase  2 0 0 1 0 0 0 
B6TNB5 Cluster of Glutaryl-CoA dehydrogenase  2 1 0 1 0 0 1 
C0PKL8 Uncharacterized protein  2 0 0 1 1 0 1 
K7V1U2 Uncharacterized protein  2 1 0 0 0 1 0 
K7VIL3 Methionine S-methyltransferase  2 0 0 0 0 0 2 
B6T5Z1 Cluster of L-lactate dehydrogenase A  1 1 0 0 0 0 2 
B6TGS2 Fb27  2 0 1 2 0 0 0 
B7ZYX0 Uncharacterized protein  1 1 0 1 0 1 2 
B4FD03 Cluster of Uncharacterized protein  1 0 0 1 0 0 2 
C0P4W8 Cluster of Uncharacterized protein  2 1 0 0 0 0 1 
C5YIX6 Cluster of Putative uncharacterized protein Sb07g006330  2 0 1 1 0 1 0 
C5Z809 Cluster of Signal recognition particle 9 kDa protein  2 1 1 1 0 1 0 
K7WBS3 Uncharacterized protein  2 0 0 1 0 0 2 
B6U1X2 Cluster of Ferredoxin  1 1 0 1 1 1 0 
C5X1W0 Cluster of Putative uncharacterized protein Sb01g037170  1 1 0 1 1 1 1 
C5YL65 Cluster of Putative uncharacterized protein Sb07g021080  2 0 0 0 1 1 2 
A4GWX8 Inositol phosphate kinase 1A  2 1 0 1 1 0 1 
K7VF00 Cluster of Uncharacterized protein  2 0 1 1 0 0 1 
D2JSQ3 ATP synthase subunit 8  2 1 0 0 0 0 2 
K7U7S5 Uncharacterized protein  1 1 0 1 1 1 0 
C6JS30 
Cluster of Probable bifunctional methylthioribulose-1-
phosphate dehydratase 3 0 0 0 0 0 2 
B6T1K6 Small nuclear ribonucleoprotein Sm D1  2 1 0 1 1 0 1 
B6T1U4 AP-1 complex subunit sigma-2  2 1 0 1 0 0 2 
B6T940 Cluster of VTC2  1 0 0 0 0 0 4 
C0P6X3 Cluster of Uncharacterized protein  2 1 0 1 0 1 1 
E0XCP4 Cluster of Ramosa 1 enhancer locus 2  3 0 1 0 0 0 1 
K7TPZ5 Uncharacterized protein  1 1 0 0 0 1 2 
K7US65 Cluster of Uncharacterized protein  2 1 0 1 1 0 1 
Q10724 Peptidyl-prolyl cis-trans isomerase, microsomal (Fragment)  1 0 2 0 0 0 2 
B4FLN3 Uncharacterized protein  2 1 0 1 1 1 2 
B6SKU5 Grx_S15.1-glutaredoxin subgroup II  1 1 1 1 1 1 1 
C0P8S9 Uncharacterized protein  2 1 0 0 0 0 2 
B6U1C5 Putative uncharacterized protein  2 1 0 1 1 1 0 
K7VAT7 Uncharacterized protein  2 1 0 1 2 1 1 
K7VG53 Uncharacterized protein  3 1 0 0 0 0 2 
C0PD86 Cluster of Uncharacterized protein  1 1 0 0 0 0 4 
C4IZE8 Cluster of Uncharacterized protein  1 1 0 1 1 1 2 
C4J4S9 Cluster of Isocitrate lyase  3 1 0 0 1 0 0 
K7VIW2 Cluster of XPA-binding protein 1  2 1 1 1 1 2 1 
B4FLV1 Uncharacterized protein  1 1 0 2 1 1 0 
B6T2E1 DANA2  2 0 0 1 0 0 3 
C0PFW3 Uncharacterized protein  2 1 0 2 2 0 0 
C5WMX8 Cluster of Putative uncharacterized protein Sb01g009860  2 1 0 0 0 0 4 
C5XNN4 Cluster of Putative uncharacterized protein Sb03g025500  2 1 1 0 0 0 3 
K7UFA3 Uncharacterized protein (Fragment)  2 1 0 0 0 0 3 
A8WES5 Uncharacterized protein  2 0 1 0 2 0 1 
B4FVS0 Cluster of Serine/threonine-protein phosphatase  3 1 0 1 1 0 1 
B6THW6 Cluster of Huntingtin interacting protein K  1 1 3 1 0 0 1 
C5YJF5 Cluster of Putative uncharacterized protein Sb07g007530  2 1 1 1 1 0 2 
K7TZN7 Uncharacterized protein  2 1 0 1 2 1 0 
B4FEM2 Cluster of Uncharacterized protein  3 0 1 2 1 0 1 
B4FFY3 Hydroxymethylglutaryl-CoA lyase  1 1 1 2 1 1 0 
B6U4S2 Cluster of Tubulin--tyrosine ligase-like protein 12  3 1 1 0 1 0 2 
B4FB09 Uncharacterized protein  3 1 0 1 1 1 2 
B6SMC1 Thioredoxin  1 0 2 0 0 1 3 
C0PN00 Uncharacterized protein  2 0 1 2 2 0 0 
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B4FM12 Cluster of Esterase isoform 1  2 0 1 0 0 0 4 
B4FRA6 Uncharacterized protein  2 0 0 0 0 0 5 
C5YGL1 Cluster of Thioredoxin  2 2 0 1 2 0 1 
B6U242 Uncharacterized protein  2 1 1 1 0 0 3 
B6UEY2 Vacuolar processing enzyme, beta-isozyme  3 1 0 1 1 0 3 
B4FZE5 Uncharacterized protein  2 2 1 2 1 1 0 
K7VZN2 Cluster of ASF/SF2-like pre-mRNA splicing factor SRP32  1 1 1 2 1 1 2 
B6SIB6 BolA-like protein  2 1 1 2 1 0 2 
C0P7L9 Cluster of Uncharacterized protein  1 2 1 1 1 1 1 
B4FPA6 
DNA-directed RNA polymerases I, II, and III 17.1 kDa 
polypeptide  2 1 0 2 0 2 2 
B4FQZ7 Cluster of Uncharacterized protein  3 0 1 2 1 1 2 
B6TK43 Cluster of Pyruvate kinase  2 0 1 1 1 2 3 
C5XGF6 Cluster of Putative uncharacterized protein Sb03g010090  2 1 0 1 0 1 4 
C5YLV2 Cluster of Putative uncharacterized protein Sb07g000970  3 0 0 1 1 0 3 
P49094 Cluster of Asparagine synthetase [glutamine-hydrolyzing]  2 1 0 1 1 1 4 
B6TJY4 Cluster of Dihydrolipoyllysine-residue acetyltransferase 3 1 1 2 1 0 2 
C5YVA8 Cluster of Putative uncharacterized protein Sb09g008220  3 0 0 0 1 2 4 
B6SZK9 Cluster of Coatomer subunit epsilon  2 1 1 1 1 1 3 
C5X7S1 Cluster of Putative uncharacterized protein Sb02g032420  3 1 0 2 1 0 3 
C5XNP3 Cluster of Putative uncharacterized protein Sb03g025580  2 1 0 0 0 0 6 
C5YNS5 Cluster of Ubiquitin carboxyl-terminal hydrolase  3 1 1 0 0 0 5 
B4FR89 Uncharacterized protein  2 0 1 2 1 1 2 
K7UD52 Uncharacterized protein  3 1 1 0 0 2 3 
K7VNZ6 Uncharacterized protein  4 1 1 1 1 2 1 
C0PIH1 Cluster of Uncharacterized protein  1 1 1 2 2 2 0 
C5XLK5 Cluster of Putative uncharacterized protein Sb03g036030  3 0 0 1 1 0 5 
P31726 Cystatin-1  2 2 0 1 2 3 0 
B4FTM9 Cluster of Uncharacterized protein  2 1 2 1 1 1 1 
C0PBD5 Cluster of Putative NUDIX hydrolase family protein  2 1 1 3 1 2 1 
K7VBY5 Thioredoxin  3 1 0 2 1 0 3 
B4FNR5 LSM Sm-like protein family member  2 1 2 2 2 1 1 
C0PE32 Cluster of Uncharacterized protein  2 0 1 3 1 2 1 
K7USN8 Cluster of Uncharacterized protein  4 1 0 0 1 2 2 
B4FRM0 Cluster of Uncharacterized protein  3 1 1 2 1 1 2 
B6SQM0 Major pollen allergen Car b 1 isoforms 1A and 1B  3 0 3 2 1 1 2 
B6TP19 Cluster of Thioredoxin-like protein 5  2 0 2 1 0 1 6 
B4FKF4 Uncharacterized protein  4 2 0 2 2 1 0 
B6TIJ2 Acetylornithine deacetylase  2 1 2 2 2 0 3 
K7UY23 Leucine-rich repeat (LRR) family protein  2 1 3 3 2 0 0 
B4FBI4 Cluster of Uncharacterized protein  2 1 3 1 0 3 3 
K7VLG7 Cluster of Putative SNF1-related protein kinase family protein  3 2 0 1 1 1 4 
B4F9D5 Cluster of Uncharacterized protein  4 1 2 1 2 1 2 
B6TGD3 Cluster of Caffeoyl-CoA O-methyltransferase 1  2 2 1 3 1 2 2 
B6TQW0 Cluster of Serine carboxypeptidase K10B2.2  2 3 0 3 2 1 0 
B8A312 Cluster of Uncharacterized protein  2 1 1 3 1 1 3 
C4J411 
Cluster of Imidazole glycerol phosphate synthase subunit 
hisF  3 1 0 1 2 1 4 
P00840 ATP synthase subunit 9, mitochondrial  3 2 1 1 2 1 3 
B4FFP2 Glutamate dehydrogenase  2 1 3 1 1 1 4 
B6TFC5 Putative uncharacterized protein  1 2 2 3 2 3 0 
B6TSW0 Putative uncharacterized protein  2 1 1 1 3 2 3 
C4JA40 Phosphoribosylformylglycinamidine cyclo-ligase  3 1 1 1 1 1 4 
B4F8E3 Uncharacterized protein  2 1 1 2 2 2 4 
B6TGM2 Cluster of Adenine phosphoribosyltransferase 2  3 1 1 2 2 2 2 
B6T8B9 Cluster of ER6 protein  4 3 0 3 0 3 0 
C0PKD9 Cluster of Uncharacterized protein  2 2 1 2 1 1 5 
K7UWF9 Cluster of Uncharacterized protein  2 2 1 3 2 3 1 
B6SNP7 Eyes absent-like protein  2 1 4 2 1 1 4 
C5YBZ6 Cluster of Putative uncharacterized protein Sb06g022280  1 0 9 0 0 0 3 
B6TS38 Ribose-5-phosphate isomerase  3 3 2 4 2 1 0 
K7TIN2 Cluster of Glycine cleavage complex P-protein  2 1 2 0 0 0 11 
K7VAM9 Cluster of Putative MAP kinase family protein  4 1 1 3 1 1 4 
K7USZ5 Uncharacterized protein  3 2 2 2 4 2 0 
B6SI84 Cluster of Syringomycin biosynthesis enzyme  2 1 4 3 2 2 1 
B4FNH4 Cluster of Small nuclear ribonucleoprotein Sm D3  3 2 2 2 3 2 2 
C0PG78 Cluster of Uncharacterized protein  1 2 5 3 2 2 0 
B4FK63 Cluster of Spliceosomal protein  1 2 4 3 4 2 0 
C4J306 Cluster of Inosine-5'-monophosphate dehydrogenase  3 1 1 1 1 2 6 
B4FTP0 Cluster of Actin-depolymerizing factor 6  4 4 2 3 1 3 0 
K7U9T4 Uncharacterized protein  3 3 1 2 2 3 2 
B6T2Z1 Cluster of Short-chain dehydrogenase/reductase SDR  4 2 2 3 2 3 1 
B6T613 Uncharacterized protein  3 2 2 3 2 2 2 
B6SZZ7 Cluster of Pi starvation-induced protein  1 1 1 5 1 6 2 
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?
136 
Q1PBI2 L-galactose dehydrogenase  3 2 2 4 3 1 3 
B4FV52 Uncharacterized protein  1 3 4 4 3 2 0 
B6TQ49 
Cluster of Mitochondrial import inner membrane translocase 
subunit TIM14  3 3 1 4 2 4 0 
C0PGG5 Cluster of Pyruvate kinase  4 0 1 2 2 1 7 
B6T4L6 Ubiquitin fusion degradation protein 1  3 2 3 3 3 3 2 
K7V687 Cluster of Uncharacterized protein  3 2 4 4 1 3 1 
K7U4H8 Uncharacterized protein  3 1 1 7 3 2 1 
K7TMU7 Putative polyphenol oxidase family protein  3 2 0 4 7 2 0 
B4FVZ9 Cluster of Uncharacterized protein  2 5 3 3 2 4 0 
B4G1K3 Cluster of Calcyclin-binding protein  4 2 0 4 4 2 3 
C0HJ00 Uncharacterized protein  3 2 3 4 3 3 1 
B4FSC2 Uncharacterized protein  4 1 7 2 2 1 2 
B6TSP3 
Cluster of Putative Zinc finger C-x8-C-x5-C-x3-H type family 
protein  5 3 1 3 1 5 0 
K7TQH6 Cluster of Uncharacterized protein  3 3 2 3 4 3 2 
B6TK96 Cluster of Homocysteine S-methyltransferase 3  4 3 2 2 2 2 6 
B6UBN3 Cluster of CCAAT-HAP3 transcription factor  2 2 6 6 3 3 0 
C0P9Q0 Uncharacterized protein  4 3 3 4 4 4 1 
C5YS29 Cluster of Putative uncharacterized protein Sb08g003330  4 1 4 3 2 3 6 
K7V1E2 Cluster of Splicing factor U2af subunit isoform 1  3 3 2 5 4 5 1 
B4FHF0 Elongation factor Ts, mitochondrial  3 2 5 3 3 4 3 
B6T962 NAD-dependent epimerase/dehydratase  3 3 4 5 4 3 1 
B4FSZ8 Beta-ureidopropionase  3 4 4 4 5 3 1 
C0PNK2 Cluster of Uncharacterized protein  3 3 2 4 5 4 2 
B4F7Y3 Uncharacterized protein  3 2 4 6 3 0 5 
K7UPH5 Putative LIM-type zinc finger domain family protein  2 1 12 2 1 0 7 
B4FP46 Cluster of Charged multivesicular body protein 3  3 3 3 5 4 6 0 
B4FHZ4 Cluster of NADH ubiquinone oxidoreductase B14 subunit  3 4 3 8 3 4 0 
C5Y736 Cluster of Putative uncharacterized protein Sb05g006160  2 3 3 7 3 4 2 
B6TFZ9 Cluster of Amino acid selective channel protein  5 5 2 3 4 3 3 
K7U3X9 
Cluster of Putative bZIP transcription factor superfamily 
protein  3 3 2 7 3 5 2 
B6SGY5 RNA binding protein  4 4 2 6 5 5 0 
B6TQC5 Peptidyl-prolyl cis-trans isomerase 1  4 4 5 5 4 4 0 
K7TQC8 Seed maturation protein  3 4 1 9 6 3 0 
B6SMC7 Cluster of 40S ribosomal protein S29  5 3 2 5 4 3 4 
B6TLS0 Cluster of Ubiquitin carboxyl-terminal hydrolase isozyme L3  4 3 1 5 5 5 3 
B6TLZ0 Erwinia induced protein 1  3 2 1 7 4 8 2 
K7U2R2 Cluster of Uncharacterized protein  3 3 6 7 3 5 0 
B6UGS8 Cluster of Anthranilate synthase component II  3 5 3 4 5 5 3 
B8A3K0 Cluster of Uncharacterized protein  5 3 2 9 4 5 1 
K7UZ87 Cluster of Density-regulated protein  4 3 4 6 5 4 1 
B4G0V8 Cluster of Uncharacterized protein  4 4 4 4 4 6 2 
B6T4X5 Cluster of 2-hydroxy-3-oxopropionate reductase  4 2 2 8 6 4 2 
K7TVQ3 Uncharacterized protein  4 4 3 4 5 4 4 
B6SHT0 OB-fold nucleic acid binding domain containing protein  5 4 2 7 4 4 3 
B6SI54 Vacuolar ATP synthase subunit G  3 3 4 6 3 6 3 
C5XWJ7 Cluster of Putative uncharacterized protein Sb04g024840  4 3 3 7 4 3 4 
B6TI56 Ribose-5-phosphate isomerase  3 3 4 7 7 2 3 
C0HG68 Cluster of Uncharacterized protein  3 4 6 5 5 6 1 
B6THZ2 Cluster of Tumor-related protein  4 4 4 5 7 4 3 
B6TFY1 Cluster of GPI-anchored protein  5 3 2 6 5 5 4 
B8A1C7 Uncharacterized protein  3 2 12 4 4 4 1 
Q38JE3 TIL-2-Zea mays Temperature-induced lipocalin-2  4 6 8 5 5 3 3 
B6TLG0 Cluster of Putative uncharacterized protein  3 6 5 6 5 7 1 
B7ZZK1 Uncharacterized protein  3 6 10 5 5 4 1 
B6U6K9 Cluster of Autophagy-related protein 3  3 3 4 8 5 7 4 
B6TD33 Cluster of Nucleic acid binding protein  7 4 3 6 6 7 2 
B6TDM3 Cluster of Syntaxin 132  3 5 5 4 10 8 1 
B4FGN1 Uncharacterized protein  3 6 3 8 5 9 3 
B6TXA2 Cluster of RNA-binding protein Luc7-like 2  5 5 6 9 6 6 1 
B6SGR7 Cluster of Ubiquitin-conjugating enzyme E2-17 kDa  4 5 4 7 7 8 4 
B6THK8 Cluster of UBA and UBX domain-containing protein  5 4 5 8 7 8 2 
C0PDM6 Cluster of Uncharacterized protein  4 5 6 12 6 6 2 
C0P4U5 Uncharacterized protein  3 5 7 8 10 7 2 
B4F7T8 Cluster of Choline-phosphate cytidylyltransferase B  3 5 9 11 7 8 2 
B4FHB3 Cluster of Polyadenylate-binding protein 2  6 3 8 10 9 6 4 
O24595 Cluster of Glutathione transferase  6 4 5 15 5 8 2 
B4FUR6 Cluster of Uncharacterized protein  4 5 9 7 7 11 2 
B6T3J2 
Cluster of Eukaryotic translation initiation factor 2 beta 
subunit  7 7 3 10 5 9 4 
C0HIV2 Serine hydroxymethyltransferase  5 5 10 6 8 9 2 
B6T3S1 Catalytic/ hydrolase  4 6 9 8 6 10 3 
??
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B6T0C0 Heme-binding protein 2  5 6 17 7 5 5 2 
B6TIQ8 Cluster of ATP/GTP binding protein  5 5 5 13 9 8 1 
B6TS72 Cluster of U2 small nuclear ribonucleoprotein A  4 6 8 10 8 11 1 
B4FM96 Cluster of Uncharacterized protein  6 3 13 9 6 8 5 
B6TAC1 Cluster of Early fruit mRNA  4 9 8 9 7 11 3 
K7U6R5 Cluster of Uncharacterized protein  5 8 8 11 8 8 3 
K7WBY4 Cluster of Uncharacterized protein  8 8 6 11 7 5 6 
B4FUT3 Cluster of Germin-like protein subfamily 1 member 17  5 7 13 10 8 9 1 
B4FR32 
Cluster of NADP-dependent glyceraldehyde-3-phosphate 
dehydrogenase  5 6 13 13 13 9 1 
B4G019 Uncharacterized protein  6 8 7 16 11 9 3 
B6TRL2 Brain acid soluble protein 1  5 6 16 17 12 11 1 
B6U6A9 Cluster of Caleosin  6 7 6 16 11 16 5 
Q2F7H7 Cluster of Coproporphyrinogen III oxidase  6 8 14 13 11 10 4 
B4FYD3 Cluster of Uncharacterized protein  7 10 12 15 10 11 3 
B6TB61 DNA repair protein RAD23  5 8 15 14 11 16 2 
B4FRC8 Cluster of Fruit protein PKIWI502  5 9 15 16 11 12 1 
B4FDF4 Cluster of Triosephosphate isomerase  4 11 23 10 13 12 1 
Q5I204 Brain acid soluble protein 1  8 13 15 21 13 19 2 
B6U8P6 Cluster of ABA-responsive protein  5 7 11 32 12 20 5 
B6TTW1 Cyanate hydratase  6 16 18 27 17 14 3 
Q9SYS1 Beta-amylase  10 13 83 17 14 15 17 
O81638 Pullulanase-type starch debranching enzyme  8 36 41 76 43 72 5 
C5WRW
4 Cluster of Putative uncharacterized protein Sb01g000460  0 0 0 0 0 0 0 
C5YPR0 Cluster of Putative uncharacterized protein Sb08g017820  0 0 0 0 0 0 0 
B6SWS8 Cluster of DNA replication licensing factor mcm4  1 0 0 0 0 0 0 
B6U144 SelT-like protein  1 0 0 0 0 0 0 
C0P7U9 Uncharacterized protein  1 0 0 0 0 0 0 
C5YMV0 Cluster of Putative uncharacterized protein Sb07g023870  0 0 0 0 0 0 1 
B4FBG7 Cluster of Uncharacterized protein  0 0 0 0 0 0 1 
B4FQ12 Splicing factor 3B subunit 5  1 0 0 0 0 0 0 
B4FWI2 
RNA polymerase II transcription factor/ transcription initiation 
factor  0 0 0 0 0 1 0 
C5X6V5 Cluster of Putative uncharacterized protein Sb02g031220  0 0 0 0 0 0 1 
B4FBL3 Uncharacterized protein  1 0 0 1 0 0 0 
B4FYE5 Uncharacterized protein  0 0 0 0 0 0 1 
B6SJC1 RALF  1 0 0 0 0 0 1 
B6SPG4 Ubiquinol-cytochrome c reductase complex 8.0 kDa protein  1 0 0 0 0 0 0 
B6T7Q4 Hydroxymethylglutaryl-CoA synthase  1 0 0 0 0 0 0 
B6TME5 Aminotransferase, class IV family protein  1 0 0 0 0 0 1 
B8A348 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
C5X4W8 Cluster of V-type proton ATPase subunit F  1 0 0 0 0 0 0 
C5XHL2 Cluster of Putative uncharacterized protein Sb03g032290  1 0 0 0 0 0 1 
K7VIL4 Cluster of Uncharacterized protein  0 0 1 0 0 0 0 
K7W4Q4 Cluster of Uncharacterized protein (Fragment)  1 0 0 0 0 0 0 
B6TD25 Cluster of Phosphomevalonate kinase  1 0 0 0 0 1 0 
B6TDM4 Cluster of Dihydroflavonol-4-reductase  0 0 0 0 0 0 1 
B6TIU3 Putative uncharacterized protein  1 0 0 0 1 0 0 
B6UC57 Mitochondrion protein  0 0 0 1 1 0 0 
K7TYC6 Uncharacterized protein  2 0 0 0 0 0 0 
P49080 
Bifunctional aspartokinase/homoserine dehydrogenase 2, 
chloroplastic  1 0 0 0 0 0 1 
B4FDK0 Uncharacterized protein  1 0 0 0 0 0 0 
B4FDL3 Uncharacterized protein  1 0 0 0 1 0 0 
B6SSX1 Anthocyanin 5-aromatic acyltransferase  1 0 0 0 0 0 0 
B6TDF2 Riboflavin synthase alpha chain  1 0 0 1 0 0 1 
B6TKF5 Putative uncharacterized protein  0 0 0 0 0 0 1 
B6TRY2 Starch binding domain containing protein  1 0 0 0 0 0 1 
C0P428 Uncharacterized protein  0 1 0 1 0 0 0 
K7TYX1 
Cluster of Putative homeodomain-like transcription factor 
superfamily protein isoform 1  1 0 0 1 0 0 0 
K7USW1 Cluster of Beta-hexosaminidase  0 0 1 0 0 0 1 
K7VM35 Cluster of Putative receptor-like protein kinase family protein  1 0 1 0 0 0 0 
B4FAS1 Uncharacterized protein  1 0 0 0 0 0 1 
B6STU5 Cluster of Proline oxidase  0 0 1 0 0 0 1 
B6T5N2 Glutathione peroxidase  0 0 0 1 1 0 0 
K7VVJ3 Uncharacterized protein  1 0 0 0 0 0 2 
Q5I285 Cluster of Minichromosome maintenance protein  2 0 0 0 0 0 0 
B4F8H6 Cluster of Microsomal signal peptidase subunit  1 0 0 0 0 0 1 
B4FW76 Division protein  1 0 0 0 0 0 1 
B4G0L2 Cluster of Uncharacterized protein  1 0 0 0 0 0 1 
B6T7U3 Uncharacterized enzyme involved in pigment biosynthesis  0 1 0 1 0 0 0 
B6TDT6 Cluster of Methylthioribose kinase  1 0 0 0 0 0 1 
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B7ZX32 Cluster of Uncharacterized protein  1 0 0 1 1 0 0 
K7UAA2 
Cluster of Bifunctional dihydrofolate reductase-thymidylate 
synthase  1 0 0 0 0 0 1 
K7V0B9 Putative DUF1296 domain containing family protein  1 1 0 0 0 1 0 
B4FTP3 Cluster of Uncharacterized protein  1 0 0 1 1 0 1 
B4FU56 Cysteine proteinase RD21a  1 1 0 0 1 0 0 
B4FXV1 Uncharacterized protein  1 0 0 1 0 1 0 
B6SKB7 Cluster of Methylcrotonoyl-CoA carboxylase subunit alpha  2 0 0 0 0 0 0 
B6SW97 Cluster of Putative uncharacterized protein  1 0 0 0 0 1 1 
B6TGK1 Ribonuclease 2  0 0 0 0 0 0 2 
B6TN48 3-hydroxyisobutyryl-CoA hydrolase/ catalytic  1 1 1 0 0 0 0 
C0HI73 Uncharacterized protein  1 0 0 0 0 0 2 
C0PK92 Uncharacterized protein  1 0 0 1 0 0 1 
C4IZH9 Uncharacterized protein  2 0 0 1 0 0 0 
C5WW09 Cluster of Putative uncharacterized protein Sb01g003910  1 0 0 0 1 1 0 
P56521 Cluster of Probable histone deacetylase 19  2 0 0 0 0 0 1 
B4FBK7 Retrotransposon protein  1 0 0 1 1 0 0 
B4FLP7 Uncharacterized protein  2 1 0 0 0 0 1 
B6SU00 Pollen-specific protein SF3  2 0 0 1 0 0 0 
B6TFH7 Peroxisomal membrane protein PMP22  1 0 0 0 0 0 2 
C0P4Z9 Cluster of Uncharacterized protein  0 0 0 1 1 0 0 
C0PJC2 Uncharacterized protein  1 1 0 0 0 0 2 
Q6JB10 MEG6  1 1 0 0 1 0 0 
B4FQ73 Cluster of Uncharacterized protein  1 0 0 0 1 0 1 
B6T1M3 Cluster of 3-5 exoribonuclease CSL4  1 1 0 1 1 0 0 
B6TCV6 ATP binding protein  1 0 0 1 0 0 1 
B6TVY3 Peptidyl-prolyl cis-trans isomerase  1 0 0 1 1 0 1 
C5Z1B6 Cluster of Putative uncharacterized protein Sb09g025920  1 0 0 0 0 0 2 
K7UY37 Cluster of Uncharacterized protein  2 0 0 0 0 0 1 
K7VV41 Cluster of Amidophosphoribosyltransferase  1 0 0 0 0 0 2 
B4FNB4 Uncharacterized protein  2 0 0 0 0 0 1 
B4FZP8 Cluster of Uncharacterized protein  1 0 0 0 2 1 0 
B6TA81 Cluster of GDP-mannose 4,6 dehydratase 2  1 0 0 1 1 0 0 
B6TLZ9 Glycerophosphoryl diester phosphodiesterase  1 0 0 0 0 0 3 
B6TMY9 25.3 kDa vesicle transport protein  1 0 0 1 0 0 1 
B6TPF5 Cluster of Uncharacterized protein  1 0 0 0 0 0 2 
B6TSQ1 Cluster of Adenylate cyclase  1 0 0 1 0 0 2 
B6U892 Cluster of Dihydroorotate dehydrogenase  1 0 1 1 1 0 0 
C5WV64 Cluster of Putative uncharacterized protein Sb01g003680  1 0 0 1 1 1 1 
Q41729 Cluster of Carbonic anhydrase  1 0 0 1 0 1 1 
Q5QPY4 Cluster of Glycosyltransferase  2 0 0 0 0 0 1 
B4F867 Cluster of Uncharacterized protein  1 0 0 2 0 0 0 
B6T3B8 Anthocyanidin 3-O-glucosyltransferase  1 1 0 1 1 0 0 
B6TRH2 Sad1/unc-84-like protein 2  1 0 0 1 1 0 1 
B8A215 Uncharacterized protein  1 0 0 0 1 1 2 
C0HIH7 Cluster of Uncharacterized protein  2 0 0 0 0 0 2 
C0PAH4 Uncharacterized protein  2 0 0 1 0 0 1 
C4J2G4 Uncharacterized protein  0 0 1 0 0 1 1 
K7TXS3 Cluster of Uncharacterized protein  1 1 0 0 1 0 1 
B4F9X6 Uncharacterized protein  1 0 0 0 0 0 2 
B4FJY6 Cluster of Uncharacterized protein  2 0 0 1 1 0 0 
B4FTG2 
Cluster of 3-methyl-2-oxobutanoate 
hydroxymethyltransferase  1 0 0 1 1 1 0 
B4FZ62 Uncharacterized protein  2 0 0 0 1 0 1 
B6TQA1 Pathogen-related protein  0 1 1 1 1 0 0 
B6TWW2 Cluster of Purple acid phosphatase 1  1 0 1 0 1 1 1 
C0PJV3 Uncharacterized protein  1 0 1 1 0 0 2 
K7U8N1 Uncharacterized protein  1 1 1 0 1 0 1 
P93648 Lon protease homolog, mitochondrial  1 1 0 0 0 0 2 
B4FKX6 Retinol dehydrogenase 14  1 1 1 1 0 1 0 
B4FT34 Uncharacterized protein  2 1 0 0 1 0 1 
B4FT69 Uncharacterized protein  1 0 0 1 1 1 0 
B6TLR9 Cathepsin B-like cysteine proteinase 3  2 0 0 1 1 1 0 
B6U7P4 Nonspecific lipid-transfer protein AKCS9  2 0 0 2 1 0 0 
C4J5G4 Uncharacterized protein  1 1 1 1 1 0 0 
K7UUD7 Uncharacterized protein  2 1 0 0 0 0 1 
B6U6P0 Cyclic phosphodiesterase  0 1 0 1 0 1 1 
B6UDK8 Cluster of Nucleic acid binding protein  2 0 0 1 1 1 0 
C0P3Y1 Uncharacterized protein  1 1 1 0 0 0 2 
K7URP1 Uncharacterized protein  1 1 0 2 1 0 1 
A7LHM3 BADH-like protein  1 0 0 0 1 0 2 
B4FAZ6 Cluster of Adaptin ear-binding coat-associated protein 2  1 0 0 1 0 0 2 
B4FBW4 Putative ubiquitin-conjugating enzyme family  1 0 0 1 0 0 1 
B6SRV4 MazG nucleotide pyrophosphohydrolase domain protein  0 1 0 1 1 0 1 
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B6TIJ1 Mu-crystallin  2 0 0 1 1 1 0 
C0P3Y3 Cluster of Uncharacterized protein  3 0 0 0 0 0 2 
K7TTF7 Uncharacterized protein  2 1 0 0 0 1 1 
K7UAY1 Cluster of Uncharacterized protein  1 1 1 1 0 0 1 
K7VDC7 Cluster of Uncharacterized protein  1 1 0 1 1 0 1 
B4FKM4 Protein mago nashi  1 1 0 1 2 0 1 
B4FNG5 Uncharacterized protein  1 1 2 0 0 0 1 
B4FV79 Cluster of Suppressor/enhancer of lin-12 protein 9  1 0 0 1 0 0 3 
B7ZXU2 Cluster of Uncharacterized protein  1 0 1 2 1 1 1 
C0PFX0 Cluster of Glucose-6-phosphate 1-dehydrogenase  2 1 0 1 0 0 2 
B6STB2 Cytochrome c oxidase polypeptide VIb  1 0 1 2 1 0 0 
B6TEV5 Palmitoyl-protein thioesterase 1  1 0 1 0 1 0 2 
B6TNS1 Xyloglucan endotransglucosylase/hydrolase protein 5  1 1 1 1 2 1 0 
C4IZ64 Uncharacterized protein  1 0 1 1 1 1 0 
B6T3D2 Saccharopine dehydrogenase  2 0 0 0 0 0 3 
B6TC70 Acid phosphatase  3 0 0 1 0 0 1 
B3WFQ7 Cluster of Defensin  2 0 0 1 0 2 1 
B4FNL7 Cluster of MAP3K-like protein kinase  1 0 1 2 1 2 0 
B4FRD4 Cluster of Grx_S12-glutaredoxin subgroup I  1 1 1 1 0 1 2 
B6T245 Cluster of Zn-finger, RanBP-type, containing protein  1 1 1 1 1 1 1 
B6T7J1 Cluster of Uncharacterized protein  1 0 0 3 1 0 0 
B6T916 N-acetyltransferase  1 1 0 0 1 0 3 
B8A100 Cluster of Uncharacterized protein  1 1 1 1 2 0 1 
K7UNY5 Cluster of Uncharacterized protein  1 0 1 1 1 2 1 
B4FK69 Acyl carrier protein  1 1 1 1 1 1 2 
B4FWJ7 Uncharacterized protein  3 0 0 2 1 0 0 
C0P9J5 Uncharacterized protein  1 1 0 2 1 1 1 
C0PMH6 Cluster of Glucose-6-phosphate 1 1 1 1 0 0 2 
K7V0H0 
Cluster of Putative trehalose phosphatase/synthase family 
protein  1 0 0 0 0 0 5 
B4FY87 Cluster of Uncharacterized protein  2 1 0 2 1 1 1 
C0PB28 Cluster of Uncharacterized protein  3 1 0 2 1 0 0 
B6T381 Cluster of EF hand family protein  1 1 1 1 1 2 1 
B6UH04 Subtilisin-chymotrypsin inhibitor CI-1B  0 0 1 2 1 1 2 
C5XZS0 Cluster of Putative uncharacterized protein Sb04g029450  2 0 2 0 1 0 2 
K7VP16 Uncharacterized protein  1 0 0 1 1 2 1 
B4FY98 Cluster of Uncharacterized protein  1 0 2 1 1 1 1 
B6TX09 Cluster of Fructose-1,6-bisphosphatase, cytosolic  1 2 0 1 2 0 1 
B7ZX54 Uncharacterized protein  1 1 2 1 2 1 0 
C0PDN9 Uncharacterized protein  1 0 2 1 1 1 1 
K7UKI3 
Cluster of Putative aminotransferase class III superfamily 
protein  1 1 2 1 2 1 0 
B4FUK9 COP9 signalosome complex subunit 5b  2 0 0 1 1 0 4 
B6SNF5 OLE-5  2 1 0 2 1 1 0 
B6UC94 Cluster of Elongation factor P  1 0 1 2 2 1 1 
C5XJC8 Cluster of Putative uncharacterized protein Sb03g047210  1 1 0 2 2 1 1 
K7UM44 Uncharacterized protein  1 1 1 3 2 0 1 
B6SZN2 
Cluster of ATP-dependent Clp protease ATP-binding subunit 
clpA  1 1 1 1 2 1 0 
B6TGR7 Deleted in split hand/splt foot protein 1  1 1 1 1 2 1 1 
B6U8G5 Cluster of Acyl-CoA binding protein  2 1 1 1 0 0 2 
C5YDH0 Cluster of Putative uncharacterized protein Sb06g024550  3 1 0 1 1 1 2 
K7UI28 Cluster of Uncharacterized protein  1 0 0 2 2 2 1 
K7UZB4 Uncharacterized protein  0 0 0 3 1 0 3 
B4FIL5 Uncharacterized protein  1 1 1 3 1 1 0 
B4G1K7 Adhesion regulating molecule conserved region family protein  1 1 1 2 1 1 1 
B6UGJ4 Cluster of Seed maturation protein  1 1 2 3 0 1 0 
C0PE60 Uncharacterized protein  1 1 1 2 1 2 1 
C4J0G5 Uncharacterized protein  2 1 2 1 1 1 0 
B4FBF0 Uncharacterized protein  1 2 2 2 1 1 0 
B6T3N1 Cluster of Uncharacterized protein  1 1 1 2 2 1 1 
B6T540 Mitochondrial glycoprotein  1 1 2 1 2 0 1 
B7ZXL7 Uncharacterized protein  1 1 1 2 1 1 1 
B6T2S8 Thioredoxin H-type  2 1 1 1 1 2 1 
K7TTP2 Uncharacterized protein  2 1 1 2 2 1 0 
K7UEC2 Uncharacterized protein  1 1 2 2 1 1 0 
B6SQ91 
Cluster of H/ACA ribonucleoprotein complex subunit 1-like 
protein 1  2 1 1 1 3 1 0 
B6SSH9 Cluster of Extracellular ribonuclease LE  1 1 5 1 1 0 1 
B6T7E3 Long-chain-fatty-acid-CoA ligase-like protein  1 0 4 1 1 1 1 
B6TWE1 Cluster of USP family protein  1 0 1 2 1 1 3 
C4IYP5 Uncharacterized protein  1 1 1 1 2 1 1 
P49727 
Cluster of Cytochrome b-c1 complex subunit Rieske, 
mitochondrial  1 1 1 1 2 1 2 
??
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B4FD80 Uncharacterized protein  2 1 2 1 1 0 2 
B6TJW3 Cytidine deaminase  0 2 2 2 2 0 0 
B6TM52 Cluster of Hsp20/alpha crystallin family protein  2 1 0 1 1 3 1 
B6TPZ1 Uncharacterized protein  1 1 1 1 1 3 0 
O49064 Plastid starch synthase I  2 2 1 1 1 0 2 
Q49HE1 Cluster of 12-oxo-phytodienoic acid reductase  1 2 2 1 0 3 0 
K7VK21 Cluster of Uncharacterized protein  2 1 1 2 1 1 1 
Q4FZ50 Cystatin  1 2 2 2 0 1 1 
C5WSA5 Cluster of Putative uncharacterized protein Sb01g014550  3 1 0 0 0 2 4 
C5XNN1 Cluster of Putative uncharacterized protein Sb03g025470  0 1 0 4 2 2 0 
K7UR83 Cluster of Uncharacterized protein  2 1 0 1 2 0 3 
K7V7U9 Putative DUF1296 domain containing family protein  1 2 2 1 1 1 1 
Q42420 Proteinase inhibitor  1 1 2 2 2 1 1 
B6SUK9 N-acetyltransferase  2 0 1 1 1 0 5 
B6SZV0 Nucleic acid binding protein  2 1 1 3 3 1 0 
B6TX01 Cluster of Glycoside hydrolase, family 28  1 2 1 2 2 1 1 
B7ZY29 Uncharacterized protein  2 0 1 1 1 1 3 
B4FF68 THO complex subunit 4  1 2 0 3 3 0 0 
P93627 Cluster of Cystatin2  2 2 1 2 2 2 0 
B4FRS6 Cluster of Uncharacterized protein  1 1 3 3 1 1 1 
B6SK95 Small nuclear ribonucleoprotein E  1 1 3 1 2 2 0 
B6T3Q3 Ethylene-responsive protein  2 1 1 2 2 1 1 
K7VN61 Cluster of Enolase  2 2 1 2 2 1 1 
B6T401 
Cluster of Peptidyl-prolyl cis-trans isomerase NIMA-
interacting 4  1 1 2 2 2 3 0 
B6U062 Early nodulin 20  2 0 1 2 3 1 1 
C5Y0Z4 Cluster of Putative uncharacterized protein Sb04g031900  4 0 0 2 1 1 3 
B6TL18 Putative uncharacterized protein  4 1 1 2 1 1 2 
B4FMD6 Cluster of Uncharacterized protein  3 1 2 2 1 2 0 
B6SII9 Cluster of Small nuclear ribonucleoprotein LSM1  3 1 0 3 2 1 1 
B6T1X9 Cluster of Putative uncharacterized protein  2 1 2 2 2 2 1 
B6T7H0 Glutathione S-transferase 6  1 2 1 2 2 2 1 
B6TIH5 Cluster of Putative uncharacterized protein  2 1 2 2 2 2 0 
B6TPE4 Cluster of Glutamate-1-semialdehyde 2,1-aminomutase  1 1 1 2 0 1 5 
P23225 Ferredoxin-dependent glutamate synthase, chloroplastic  1 0 4 2 2 0 2 
C0PH29 Cluster of Uncharacterized protein  2 2 2 3 3 1 0 
B4G0D2 Cluster of Uncharacterized protein  2 2 3 2 2 2 1 
B4FJ31 Small nuclear ribonucleoprotein F  1 1 2 2 3 2 1 
B4FTT2 Cluster of Uncharacterized protein  2 2 3 1 2 1 0 
B4FU92 Uncharacterized protein  2 1 3 3 2 1 1 
B6T5Q6 Uncharacterized protein  2 2 0 3 3 2 0 
B4FL42 Cluster of Uncharacterized protein  1 1 2 4 2 2 0 
B6SGF3 Glyoxalase family protein superfamily  2 0 5 3 2 0 1 
B4F899 Cluster of Uncharacterized protein  3 1 1 4 3 1 0 
K7UEU8 Uncharacterized protein  1 1 3 3 2 2 1 
K7TTR6 Cluster of Uncharacterized protein  2 1 2 2 2 3 1 
B4FEI9 Uncharacterized protein  2 2 3 3 2 2 1 
Q9FQC0 Cluster of Glutathione S-transferase GST 19  2 1 3 4 2 0 1 
B4FU14 
Cluster of Mitochondrial import inner membrane translocase 
subunit Tim9  1 3 4 3 1 0 2 
O23887 Cluster of Indole-3-acetaldehyde oxidase  1 2 6 2 2 2 0 
B4FQU2 Cluster of Uncharacterized protein  2 2 1 3 2 3 1 
K7WFR0 Cluster of Uncharacterized protein  1 1 1 2 3 5 1 
B2XWS4 Isopentenyl transferase IPT2  2 1 2 4 2 2 2 
C5Z3E0 Cluster of Putative uncharacterized protein Sb10g002310  2 2 3 3 2 1 1 
P35527 Keratin, type I cytoskeletal 9  2 1 4 6 1 1 0 
B6SLS1 Cluster of DNA-binding protein S1FA2  2 2 3 3 3 2 1 
C0PFY6 Cluster of Uncharacterized protein  4 1 2 3 2 3 1 
B4G1W8 Myosin-like protein  2 2 3 4 2 2 0 
B6T2N1 Cluster of Uncharacterized protein  1 2 3 2 2 5 1 
B4FK58 Signal recognition particle 19 kDa protein  3 2 2 3 3 3 0 
B6SRP6 
Cluster of Arginine/serine-rich splicing factor RS2Z37B 
transcript I  2 2 1 4 3 2 1 
K7URH2 Uncharacterized protein  2 2 6 1 1 0 4 
K7VRQ5 Cluster of Protein disulfide isomerase isoform 1  4 2 1 3 2 2 1 
O64960 Cluster of Heat shock 22 kDa protein  1 2 4 5 1 2 0 
B6TNW4 Cluster of Acyl carrier protein  1 2 5 1 1 1 4 
C5Y5R0 Cluster of Putative uncharacterized protein Sb05g004610  1 2 2 4 2 3 1 
C0PP01 Cluster of Uncharacterized protein  2 2 2 4 3 2 1 
B4FUW7 Cluster of Uncharacterized protein  2 2 3 3 3 2 1 
C0P7F1 Uncharacterized protein  3 1 2 3 2 4 1 
C5YZ78 Cluster of Putative uncharacterized protein Sb09g022370  4 1 1 3 3 2 2 
B4FZE8 Cluster of Uncharacterized protein  3 1 2 4 2 2 3 
K7UCC8 Uncharacterized protein  2 2 3 4 2 3 0 
??
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B4FIY7 
Cluster of Putative ubiquitin-conjugating enzyme family 
isoform 1  5 3 0 3 2 2 1 
B6SLS3 Glucan endo-1,3-beta-glucosidase 3  3 1 2 4 2 3 2 
B6SU17 Cluster of Phosphoglycerate mutase-like protein  2 2 2 3 4 2 1 
B6TH05 Uncharacterized protein  3 2 4 4 3 1 0 
C0PM53 Cluster of Uncharacterized protein  2 2 3 3 3 3 1 
B6SJR3 Import receptor subunit TOM7-1  3 2 2 3 3 3 2 
Q9ST01 Cluster of Histidine-containing phosphotransfer protein  2 4 1 5 3 3 0 
B4FB06 Cluster of Uncharacterized protein  1 0 3 1 0 0 12 
B4FE53 Cluster of Uncharacterized protein  2 1 1 4 5 3 0 
B6TNG9 Cluster of Aminoacylase-1  4 2 1 3 4 2 1 
B4FZG0 Uncharacterized protein  1 4 6 4 3 1 0 
B6T3H1 Cluster of IN2-1 protein  1 1 0 1 3 13 0 
B4FTF8 Cluster of Glutathione S-transferase  2 3 0 5 4 3 0 
C4IZ54 Cluster of Uncharacterized protein  2 2 4 4 2 2 2 
K7TMX6 Uncharacterized protein  2 1 5 3 5 2 1 
B4FPM2 Cluster of Aldose 1-epimerase  4 2 1 5 3 2 2 
B6TJC7 Membrane steroid-binding protein 1  2 2 3 4 4 3 1 
C5YR53 Cluster of Putative uncharacterized protein Sb08g002100  4 1 2 5 2 3 3 
Q5GAR2 Putative uncharacterized protein  2 1 3 5 4 2 2 
B4FRR1 Uncharacterized protein  2 2 4 4 4 2 1 
B6TPI6 Cluster of Succinate semialdehyde dehydrogenase  2 2 6 3 2 2 2 
B4FMP6 
Cluster of Putative oxidoreductase, aldo/keto reductase 
family protein  3 3 2 4 4 2 1 
B6T731 Cluster of Myosin-like protein  4 4 2 5 2 2 1 
B6TYS6 Cluster of Glutathione S-transferase zeta class  3 3 1 5 3 3 2 
B6U9F2 Cluster of Mps one binder kinase activator-like 1A  2 1 4 5 3 1 3 
B4FPX0 Cluster of 26S proteasome non-ATPase regulatory subunit 9  2 3 5 3 3 3 2 
B6TPG9 Cluster of FIP1  3 2 0 6 2 7 1 
B6T144 Cluster of B12D protein  3 3 3 5 3 3 0 
C0PHV9 Uncharacterized protein  1 1 2 6 3 8 2 
K7UK62 Cluster of Uncharacterized protein  3 2 4 5 3 4 0 
Q7FS85 Putative 4-coumarate-CoA ligase-like protein  3 3 2 5 4 5 0 
B6SP11 Nonspecific lipid-transfer protein  3 2 7 2 1 1 6 
C0P4E8 Cluster of Uncharacterized protein  2 3 4 6 3 3 1 
B6T1F9 Lipid binding protein  1 2 6 5 4 2 2 
B4FBV7 Cluster of 6,7-dimethyl-8-ribityllumazine synthase  2 2 4 6 5 3 0 
B4FHI8 Cluster of Uncharacterized protein  3 3 3 3 3 6 1 
B6TVP8 Cluster of Stromal cell-derived factor 2  3 2 2 7 4 3 1 
B6U9X1 Cytidine deaminase  2 4 7 5 2 2 1 
B6SHX4 Cluster of NADH ubiquinone oxidoreductase B22-like subunit  3 3 3 5 5 5 1 
C5Y8T1 Cluster of Putative uncharacterized protein Sb06g017360  3 2 4 5 3 4 4 
B6TEX0 Inositol monophosphatase 3  2 3 9 4 5 3 0 
C4J0U7 Cluster of Uncharacterized protein  2 3 4 9 3 5 0 
B4F8D4 Cluster of Dihydrodipicolinate synthase  3 3 7 5 4 4 0 
B4G043 Uncharacterized protein  2 3 12 3 3 0 2 
B6TFP6 Cluster of Tubulin-specific chaperone B  1 3 7 7 1 2 4 
B4FYD7 Cluster of Uncharacterized protein  3 5 4 7 3 5 0 
B6TWB2 Cluster of ACT domain containing protein  5 5 3 6 5 2 1 
B6TY18 Cluster of ATP-dependent Clp protease proteolytic subunit  3 3 6 6 4 4 2 
C5WV85 Cluster of Putative uncharacterized protein Sb01g016600  3 4 5 4 6 5 2 
B6SNL8 60S ribosomal protein L38  4 4 4 6 7 3 2 
B6SI86 Cluster of TPR domain containing protein  3 5 5 6 5 5 1 
B6T8X4 Thioredoxin family Trp26  3 4 8 6 5 4 2 
K7VQ19 Cluster of Uncharacterized protein  3 5 3 7 6 6 1 
B6T5S0 Cluster of Prefoldin subunit 6  3 4 5 9 6 4 1 
K7UYI3 Cluster of Vacuolar sorting protein 4b  6 3 2 8 5 8 0 
B4FWM3 Uncharacterized protein  3 5 7 6 5 6 1 
B6TDN0 
Cluster of NADH-ubiquinone oxidoreductase 10.5 kDa 
subunit  3 4 5 6 5 7 3 
B6TAW2 Cluster of Chaperone protein dnaJ 10  3 4 5 10 3 6 2 
B4FCV1 Cluster of Uncharacterized protein  4 4 5 9 8 5 0 
C0P6D0 Cluster of Uncharacterized protein  4 5 7 7 5 8 1 
B4FZG8 Uncharacterized protein  4 4 5 7 6 8 1 
C0P4W0 Uncharacterized protein  3 6 7 6 7 7 1 
K7UU06 Cluster of Calmodulin protein 2, touch-induced  4 5 5 9 5 7 0 
B6SRJ0 Cluster of SWIB/MDM2 domain containing protein  3 4 8 9 5 7 1 
B6TNM0 Malonyl CoA-acyl carrier protein transacylase  5 5 5 7 6 5 4 
B8A0J2 Cluster of Uncharacterized protein  3 2 3 20 4 5 2 
K7U7Q6 Cluster of Uncharacterized protein  3 4 8 11 5 7 1 
B4FY73 Cluster of Uncharacterized protein  3 4 9 10 7 6 0 
B4FVC7 Cluster of Uncharacterized protein  3 3 12 9 5 6 2 
Q94IQ8 Putative methyl-binding domain protein MBD106  3 4 9 9 7 7 0 
B6TLW2 Cluster of Nucleoside diphosphate kinase 2  3 9 12 7 9 4 2 
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B4FQI3 Cluster of NADH-ubiquinone oxidoreductase B16.6 subunit  6 6 7 9 8 9 1 
B6TXN0 DNA-damage-repair/toleration protein DRT102  5 6 12 9 7 7 0 
B4FAY8 Cluster of Negatively light-regulated protein  4 7 13 9 8 14 1 
B1PEY4 Cluster of Superoxide dismutase [Cu-Zn]  4 7 14 11 10 7 1 
B6T0A4 Cluster of Regulator of ribonuclease activity A  5 8 14 11 7 12 1 
K7V8U5 DNA-binding protein  6 7 5 15 10 13 2 
B4G038 Cluster of Homoserine dehydrogenase  3 7 21 10 11 5 2 
B4F845 Uncharacterized protein  2 3 15 25 5 8 3 
B6TBS1 Cluster of Ankyrin-1  6 11 13 13 10 15 2 
K7UWX4 Cluster of GrpE protein homolog  5 11 18 13 19 10 3 
B4G218 Uncharacterized protein  3 5 39 14 9 5 7 
B4FIZ5 Cluster of Uncharacterized protein  7 9 18 16 11 17 4 
K7UUR4 
Cluster of Putative acetylornithine/succinylornithine 
aminotransferase family protein  6 11 31 13 13 12 10 
K7U1M0 Uncharacterized protein  2 4 74 15 7 3 8 
B6TYM9 Cluster of Vignain  13 15 28 21 21 18 5 
B4FA80 Cluster of Aspartokinase  0 0 0 0 0 0 0 
B4FNC6 RWP-RK transcription factor  0 0 0 0 0 0 1 
A1XCI5 Cluster of Lipoxygenase  0 0 0 0 0 0 1 
B4FE73 Cluster of Uncharacterized protein  0 1 0 0 0 0 1 
C0HE85 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
B4FX14 Cluster of Uncharacterized protein  0 0 0 1 0 0 0 
B6TMN3 SEC13 protein isoform 1  1 0 1 0 0 1 0 
B8A212 Cluster of Uncharacterized protein  0 0 1 1 1 0 0 
B4FZF7 Cluster of Uncharacterized protein  1 0 0 0 0 0 2 
K7U511 Cluster of Leucine-rich repeat (LRR) family protein  0 0 0 2 1 0 0 
K7U891 Uncharacterized protein  1 0 2 1 0 0 0 
K7UGM0 Cluster of Uncharacterized protein  0 0 2 0 0 0 1 
B6SK46 Cupin family protein  0 0 1 2 0 0 0 
K7TZM3 Uncharacterized protein  2 0 0 1 1 0 0 
B4FQS9 Putative cytochrome P450 superfamily protein  1 1 1 0 1 0 0 
K7UQ06 Putative alpha-L-arabinofuranosidase family protein  1 1 1 1 1 1 0 
B6SMB0 Cluster of Cytochrome b-c1 complex subunit 6  1 1 1 1 0 0 1 
Q9FQ98 Cluster of Glutathione S-transferase GST 41  1 1 0 2 1 1 0 
B6T5B3 Cluster of Putative uncharacterized protein  1 0 0 1 2 0 1 
B6U7U8 Acyl-coenzyme A oxidase  0 1 2 1 0 0 1 
B6UI33 Gibberellin receptor GID1L2  1 1 2 1 1 1 0 
B6UIA7 Oleosin Bn-V  1 1 0 2 2 0 0 
C4J5Q6 Cluster of RanBP1 domain containing protein isoform 1  2 1 1 2 0 1 0 
C0PIT1 Cluster of Uncharacterized protein  1 1 2 1 1 0 0 
B6UDH8 Cluster of Putative uncharacterized protein  1 2 0 2 1 1 0 
K7U4Z8 Cluster of Uncharacterized protein  1 1 2 2 1 2 0 
K7VXL1 Cluster of Uncharacterized protein  2 1 0 2 2 2 1 
K7USS6 Cluster of Uncharacterized protein  0 2 0 4 2 2 0 
B4FX41 Cluster of Uncharacterized protein  1 2 1 3 1 2 1 
C5X196 Cluster of Putative uncharacterized protein Sb01g008560  2 1 1 2 2 2 1 
K7UHV3 Cluster of Peroxidase  1 2 2 4 2 1 0 
B6T7G0 Cluster of Glycylpeptide N-tetradecanoyltransferase  1 2 2 2 3 2 1 
B6TZR4 Putative uncharacterized protein  1 3 3 3 1 2 0 
B6TW65 Beta-glucosidase  2 3 5 4 3 3 2 
B4FY36 Cluster of Caltractin  2 5 5 6 4 4 0 
C0PFY0 Uncharacterized protein  3 2 8 3 5 4 1 
B4FEY3 
Cluster of Arginine/serine-rich splicing factor RS2Z35 
transcript I  3 4 3 7 4 5 3 
B6TKZ3 Cluster of Hydrolase, carbon-nitrogen family  3 4 7 7 5 6 1 
B6SWS9 Cluster of Purple acid phosphatase  3 4 13 7 6 2 2 
B6TRV8 
Cluster of Eukaryotic initiation factor 5C CG2922-PF, isoform 
F  2 6 5 13 6 8 4 
C5WWI9 Cluster of Putative uncharacterized protein Sb01g032340  0 0 0 0 0 0 0 
C5X3D7 Cluster of Putative uncharacterized protein Sb02g040830  0 0 0 0 0 0 0 
C5XBL8 Cluster of Putative uncharacterized protein Sb02g036510  0 0 0 0 0 0 0 
C5XYK7 Cluster of Citrate synthase  0 0 0 0 0 0 0 
C5Y9X8 Cluster of Putative uncharacterized protein Sb06g031790  0 0 0 0 0 0 0 
C5YFF8 Cluster of Putative uncharacterized protein Sb06g015130  0 0 0 0 0 0 0 
C5YRE5 Cluster of Putative uncharacterized protein Sb08g020610  0 0 0 0 0 0 0 
C5Z9F6 Cluster of Putative uncharacterized protein Sb10g029790  0 0 0 0 0 0 0 
Q9FUM7 Homocysteine S-methyltransferase 4  0 0 0 1 0 0 0 
B4FDX5 Uncharacterized protein  0 0 0 1 0 0 0 
B4FEN5 Cluster of Uncharacterized protein  0 0 0 1 0 0 0 
B4FP18 Uncharacterized protein  1 0 0 0 0 0 0 
B4FPH9 Cluster of Uncharacterized protein  0 0 0 0 1 0 0 
B4FSH1 Uncharacterized protein  0 0 1 0 0 0 0 
B4FU94 Calmodulin binding protein  0 0 0 0 0 1 0 
B4FYM6 Cluster of Alpha-amylase  0 0 1 0 0 0 0 
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B6SGK3 Putative uncharacterized protein  0 0 0 1 0 0 0 
B6SUT2 MTD1  0 1 0 0 0 0 0 
B6T4K9 Putative uncharacterized protein  1 0 0 0 0 0 0 
B6T9W3 Carbonic anhydrase  0 0 1 0 0 0 0 
B6TH97 Putative uncharacterized protein  0 0 0 0 0 0 1 
B6TT30 RNA-binding region RNP-1  0 0 0 1 0 0 0 
B6TWM7 
Cluster of CDP-diacylglycerol--glycerol-3-phosphate 3-
phosphatidyltransferase  0 0 1 0 0 0 0 
B6U0V2 Cluster of Hydrolase, hydrolyzing O-glycosyl compounds  0 0 0 1 0 0 0 
B6UC77 Dirigent-like protein pDIR3  0 0 0 1 0 0 0 
B6UCR6 Cluster of Toc64  1 0 0 0 0 0 0 
B7ZX52 Uncharacterized protein  1 0 0 0 0 0 0 
B8A1T6 Uncharacterized protein  1 0 0 0 0 0 0 
C4J3M2 Malic enzyme  1 0 0 0 0 0 0 
C5WXG6 Cluster of DNA ligase  1 0 0 0 0 0 0 
C5X3W6 Cluster of Eukaryotic translation initiation factor 3 subunit C  0 0 0 0 0 0 0 
C5XN52 Cluster of Putative uncharacterized protein Sb03g037720  0 0 0 1 0 0 0 
C5XQR0 Cluster of Putative uncharacterized protein Sb03g006780  1 0 0 0 0 0 0 
C5XWT1 Cluster of Putative uncharacterized protein Sb04g038510  0 0 0 0 0 0 0 
C5YFP2 Cluster of Putative uncharacterized protein Sb06g028240  0 0 0 1 0 0 0 
C5YSP7 Cluster of Fructose-bisphosphate aldolase  1 0 0 0 0 0 0 
K7U1U9 Uncharacterized protein  0 0 1 0 0 0 0 
K7V8L2 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
K7VBH0 Uncharacterized protein  0 0 1 0 0 0 0 
K7VH60 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
K7VWB5 Cluster of Putative PWWP domain family protein (Fragment)  0 0 0 1 0 0 0 
Q8S470 Regulatory protein  0 0 1 0 0 0 0 
P02768 Serum albumin  0 0 0 0 0 1 0 
B4F9M8 Uncharacterized protein  0 1 0 0 0 0 0 
B4FA10 Uncharacterized protein  0 0 0 0 0 0 1 
B4FET2 
Cluster of Arginine/serine-rich splicing factor SCL25A 
transcript I  0 0 0 1 0 0 0 
B4FG35 Uncharacterized protein  0 0 0 1 0 0 0 
B4FJS7 Uncharacterized protein  0 0 0 0 0 1 0 
B4FLD5 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
B4FP91 Uncharacterized protein  1 0 0 0 0 0 0 
B4FRE3 Ankyrin repeat domain-containing protein 2  1 0 0 0 0 0 0 
B6SGH6 Putative uncharacterized protein  0 1 0 0 0 0 0 
B6SJ06 GIR1  1 0 0 0 0 0 0 
B6SJA3 Signal peptidase complex subunit 1  0 0 0 1 0 0 0 
B6T1Q4 Putative uncharacterized protein  0 0 1 0 0 0 0 
B6T320 Putative uncharacterized protein  0 0 0 1 0 0 0 
B6TRX4 Deaminase  0 0 0 0 0 0 1 
C0P5U0 Cluster of Protoporphyrinogen IX oxidase  0 0 1 0 0 0 0 
C0P702 Uncharacterized protein  1 0 0 0 0 0 0 
C0PLA6 Uncharacterized protein  0 0 0 1 0 0 0 
C4J9Z9 Uncharacterized protein  0 0 1 0 0 0 0 
C4JAJ7 Uncharacterized protein  0 0 1 0 0 0 0 
C5WRN5 Cluster of Putative uncharacterized protein Sb01g041770  0 0 0 0 1 0 0 
C5WV22 Cluster of Putative uncharacterized protein Sb01g003330  0 0 0 0 1 0 0 
C5XD25 Cluster of Putative uncharacterized protein Sb02g037850  0 0 0 0 0 0 1 
C5YDE1 Cluster of Putative uncharacterized protein Sb06g024310  0 0 0 0 0 1 0 
C5YM24 Cluster of Putative uncharacterized protein Sb07g001560  1 0 0 0 0 0 0 
C5Z4B4 Cluster of Putative uncharacterized protein Sb10g003650  1 0 0 0 0 0 0 
K7UPK5 Cluster of Uncharacterized protein  0 0 0 0 0 0 1 
K7UYZ4 Uncharacterized protein  0 0 0 1 0 0 0 
K7V8A1 Uncharacterized protein  1 0 0 0 0 0 0 
K7VEE8 Uncharacterized protein  0 0 0 0 0 0 1 
K7WCY0 Uncharacterized protein  0 0 0 0 1 0 0 
Q8LSJ9 Uncharacterized protein  1 0 0 0 0 0 0 
Q94IP1 Cluster of Cinnamic acid 4-hydroxylase  0 0 0 0 0 0 0 
Q94IQ7 Putative methyl-binding domain protein MBD108  1 0 0 0 0 0 0 
P49086 Phytoene dehydrogenase, chloroplastic/chromoplastic  0 0 0 0 0 0 1 
B4FAQ3 Uncharacterized protein  0 0 1 0 0 0 0 
B4FDE1 Eukaryotic translation initiation factor 5A-1/2  0 0 0 1 0 0 0 
B4FGM1 Uncharacterized protein  0 0 0 1 0 0 0 
B4FNL9 
Cluster of Arginine/serine-rich splicing factor SC30 transcript 
IX  0 0 0 1 0 0 0 
B4FR15 Uncharacterized protein  0 1 0 0 0 0 0 
B4FW29 Uncharacterized protein  1 0 0 0 0 0 0 
B4G1Z5 Uncharacterized protein  0 0 1 1 0 0 0 
B4G282 Uncharacterized protein  0 0 0 0 1 0 0 
B6SKY5 Disulfide oxidoreductase/ monooxygenase/ oxidoreductase  0 0 0 1 0 0 0 
B6SRV9 Early nodulin 75 protein  0 0 0 1 0 0 0 
??
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B6T4J9 Ribosomal protein S18 containing protein  0 0 0 1 1 0 0 
B6TIV0 ATPase  0 0 0 1 0 0 0 
B6TU28 A49-like RNA polymerase I associated factor family protein  0 0 0 0 0 1 0 
B6U3E9 Multicystatin  0 0 0 0 1 0 0 
B6U6N6 Translation initiation factor eIF-2B delta subunit  0 0 0 1 0 0 0 
B6U9L8 Epoxide hydrolase 2  0 1 0 1 0 0 0 
B6UAG7 Putative uncharacterized protein  0 0 1 0 0 0 0 
B7ZWU2 Uncharacterized protein  0 0 0 0 0 0 1 
B8A0U4 Cluster of Putative casein kinase family protein  0 0 0 0 0 0 1 
B8A2L2 Uncharacterized protein  1 0 0 0 0 0 0 
C0P608 Cluster of Uncharacterized protein  0 0 0 0 0 1 0 
C0P6F6 Uncharacterized protein  0 0 0 0 0 0 1 
C4J0S0 Uncharacterized protein  0 0 0 0 0 0 1 
C5WQW
9 Cluster of Putative uncharacterized protein Sb01g040970  0 0 0 0 0 0 1 
C5XSE2 Cluster of Putative uncharacterized protein Sb04g001460  1 0 0 0 0 0 1 
C5XZA3 Cluster of Putative uncharacterized protein Sb04g028730  0 0 0 0 1 0 0 
C5Y6Y9 Cluster of Putative uncharacterized protein Sb05g025420  1 0 0 0 0 0 0 
C5Z5Q8 Cluster of Putative uncharacterized protein Sb10g023820  1 0 0 0 0 0 0 
K7TG52 Uncharacterized protein  1 0 0 0 0 0 0 
K7TS86 Uncharacterized protein  1 0 0 0 0 0 0 
K7U7K3 
Cluster of Putative STRUBBELIG family receptor protein 
kinase  0 0 1 0 0 0 0 
K7UK56 Cluster of Phosphoribosylanthranilate transferase  1 0 0 0 0 0 0 
K7UT25 Uncharacterized protein  1 0 0 0 0 0 0 
K7UUA9 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
K7V3P3 Uncharacterized protein  0 0 0 0 0 0 1 
K7V4A4 Uncharacterized protein  0 0 0 0 0 0 1 
K7V4T8 Uncharacterized protein  1 0 0 0 0 0 0 
K7VEQ6 Putative AGC protein kinase family protein  1 0 0 0 0 0 0 
K7VJF7 Uncharacterized protein  0 0 1 0 0 0 0 
K7WGB2 TFIIB protein  0 0 0 0 0 1 0 
Q43704 Cluster of DNA replication licensing factor MCM3 homolog 1  1 0 0 0 0 0 0 
Q9ZSV1 Poly [ADP-ribose] polymerase 1  1 0 0 0 0 0 0 
B4F8E9 Uncharacterized protein  0 1 0 0 0 0 1 
B4FC32 Cluster of Uncharacterized protein  1 0 0 0 0 0 0 
B4FFY2 Uncharacterized protein  0 0 0 0 0 0 1 
B4FHA1 Uncharacterized protein  1 0 0 0 1 0 0 
B4FJW3 Uncharacterized protein  0 0 1 0 0 1 0 
B4FMZ4 Uncharacterized protein  1 0 0 0 0 0 0 
B4FTU0 Receptor expression-enhancing protein 3  1 0 0 1 0 0 0 
B4G0Z0 Uncharacterized protein  0 0 0 1 0 0 0 
B4G1D7 Uncharacterized protein  0 1 0 0 0 0 0 
B4G1H3 Endochitinase A2  0 0 0 0 1 0 0 
B6SHC1 CTP synthase  0 0 0 0 0 0 1 
B6SKP3 Zn-finger, RanBP-type, containing protein  0 0 0 0 1 0 0 
B6SP44 Glutamate carboxypeptidase 2  0 0 1 0 0 0 0 
B6ST81 Cluster of Lipid binding protein  0 0 1 0 0 0 0 
B6SZS0 Exodeoxyribonuclease V  0 0 0 1 0 0 0 
B6T9L9 Putative uncharacterized protein  0 0 1 0 0 0 1 
B6TBI0 Uncharacterized protein  0 0 0 0 0 0 1 
B6TF70 Macrophage erythroblast attacher  0 0 0 1 0 1 0 
B6TIC7 Uncharacterized protein  0 0 0 1 0 0 0 
B6TID7 Putative uncharacterized protein  0 0 1 0 0 0 0 
B6TXB0 Uncharacterized protein  1 0 1 0 0 0 0 
B6U6J4 Cluster of ATP binding protein  0 0 0 0 1 0 1 
B8A0E1 Cluster of Uncharacterized protein  0 0 1 0 0 0 0 
C0HDV5 Cluster of Uncharacterized protein  0 1 0 0 0 0 0 
C0P8X6 Uncharacterized protein  0 0 0 0 1 0 1 
C0PCB7 Uncharacterized protein  0 0 0 1 0 0 0 
C4IYF9 Uncharacterized protein  0 0 0 0 0 0 1 
C4J2W0 Uncharacterized protein  0 0 0 1 0 0 0 
C4JAG0 Uncharacterized protein  0 0 0 1 0 0 0 
C5X044 Cluster of Putative uncharacterized protein Sb01g007270  0 0 0 0 0 0 1 
C5X183 Cluster of Putative uncharacterized protein Sb01g008450  0 0 0 0 0 0 1 
C5X2D2 Cluster of Putative uncharacterized protein Sb02g026780  0 1 0 0 0 0 1 
C5XJP4 Cluster of Eukaryotic translation initiation factor 3 subunit L  0 0 1 0 0 1 0 
C5YXL0 Cluster of Putative uncharacterized protein Sb09g019520  0 0 0 0 0 0 1 
K7TKN0 Uncharacterized protein  0 0 1 0 0 0 0 
K7U0Q5 Uncharacterized protein  0 0 0 0 1 0 0 
K7USZ8 
Putative CRAL/TRIO domain containing, Sec14p-like 
phosphatidylinositol transfer family protein  0 0 1 1 0 0 0 
K7UXP7 Cluster of Uncharacterized protein  0 1 1 0 0 0 0 
K7UYZ9 Cluster of Putative calcium-dependent lipid-binding (CaLB) 0 0 0 0 0 0 1 
??
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K7V1Y7 Putative MYB DNA-binding domain superfamily protein  0 0 0 1 0 1 0 
K7VXI7 Uncharacterized protein  1 0 0 0 0 0 0 
B4FA77 Uncharacterized protein  0 0 1 0 0 0 0 
B4FGP1 
Ras association and pleckstrin homology domains 1 isoform 
2  1 0 0 0 0 0 0 
B4FK00 Uncharacterized protein  1 0 0 1 0 0 0 
B4FQ87 Uncharacterized protein  0 0 0 1 1 0 0 
B4FTV3 DnaJ subfamily C member 8  0 0 0 1 1 0 0 
B4FZF9 Cluster of Uncharacterized protein  0 0 0 1 1 0 0 
B4G050 Uncharacterized protein  0 0 0 1 1 0 0 
B6SJE4 Receptor protein kinase-like protein  0 0 1 0 0 0 0 
B6SJQ2 CCR4-NOT transcription complex subunit 6  1 0 0 0 0 1 0 
B6SNX9 Grancalcin  0 1 1 0 0 0 0 
B6SW32 Folylpolyglutamate synthase  1 0 0 0 0 0 0 
B6SX80 Brain protein 44-like protein  1 0 0 0 0 0 1 
B6T3S5 IMP dehydrogenase  0 0 0 1 1 0 0 
B6T554 Cluster of Peptidase family M48 containing protein  0 0 0 0 0 0 2 
B6TCV2 RAB5-interacting protein isoform a  1 0 0 1 0 0 0 
B6THB3 Adenylate kinase  0 0 1 1 0 0 0 
B6TNG4 Pollen-specific protein like  0 0 0 0 0 0 1 
B6TQ29 Putative uncharacterized protein  0 0 1 0 0 1 0 
B6TU78 Glucan endo-1,3-beta-glucosidase 7  0 0 1 1 0 0 0 
B6TWU1 Cluster of Putative uncharacterized protein  1 0 0 0 0 0 0 
B6U0J9 Cluster of Protein binding protein  0 0 0 0 1 0 0 
B6U5I8 Cluster of 2Fe-2S ferredoxin  0 0 1 1 0 0 0 
B6UA28 Putative uncharacterized protein  0 0 0 1 0 1 0 
B6UA93 RNA-binding post-transcriptional regulator csx1  0 0 1 0 0 1 0 
B6UAW2 Zinc-binding protein  0 0 1 0 0 0 1 
B6UCK4 Catalytic/ ligase  0 0 1 0 0 0 1 
B6UDL5 Cluster of Hydroxymethylbutenyl 4-diphosphate synthase  0 0 0 0 0 0 2 
C0HI22 Site-determining protein  1 1 0 0 0 0 0 
C0HIQ2 Uncharacterized protein  0 0 0 1 0 0 0 
C0PC75 Cluster of Putative thioredoxin superfamily protein  0 0 0 0 0 0 1 
C0PIP8 Cluster of Uncharacterized protein  0 0 0 1 0 1 0 
C0PPD7 Uncharacterized protein  0 0 0 0 0 0 2 
C5X1C8 Cluster of Putative uncharacterized protein Sb01g008860  0 1 0 0 0 0 1 
C5XWJ8 Cluster of Elongation factor Tu  0 0 0 0 0 0 1 
C5YPS6 Cluster of Putative uncharacterized protein Sb08g018160  1 0 0 0 0 0 0 
C5Z6R6 Cluster of Putative uncharacterized protein Sb10g025430  0 1 0 0 1 0 0 
K7UAW8 Uncharacterized protein  1 0 0 0 0 0 0 
K7UYC3 Uncharacterized protein  1 0 1 0 0 0 0 
K7V562 Putative PWWP domain family protein  1 0 0 1 0 0 0 
K7WDF1 Uncharacterized protein  0 0 1 0 0 0 0 
B4F912 Cluster of Uncharacterized protein  0 0 1 0 0 0 0 
B4F9F8 Uncharacterized protein  0 0 1 0 0 0 1 
B4FG16 Uncharacterized protein  1 0 1 0 1 0 0 
B4FIU0 Uncharacterized protein  0 0 0 0 0 2 0 
B4FLA5 Uncharacterized protein  0 0 0 1 0 0 0 
B4G128 Cluster of Uncharacterized protein  0 0 0 1 0 1 0 
B6SIK6 Signal peptidase complex subunit 1  0 0 0 0 1 1 1 
B6SPI2 Putative uncharacterized protein  0 0 1 0 1 1 0 
B6T1V9 Putative uncharacterized protein  1 0 0 1 0 0 0 
B6T8N7 Uncharacterized protein  0 0 1 0 1 0 0 
B6TDE5 Chromatin modification-related protein EAF3  0 0 0 1 1 1 0 
B6TE54 Putative uncharacterized protein  1 0 0 1 0 0 0 
B6THT8 Putative uncharacterized protein  0 0 1 0 1 0 0 
B6TPE1 Putative uncharacterized protein  1 0 0 0 0 0 1 
B6TXF8 Serine carboxypeptidase 1  0 0 1 0 1 0 0 
B6TZC0 Cluster of Nicotianamine synthase 3  1 0 0 0 0 0 0 
B6U092 Putative uncharacterized protein  0 1 0 0 0 0 1 
B6UE38 Hydrolase/ protein serine/threonine phosphatase  0 0 1 0 0 0 0 
B6UER7 Cluster of DNA-binding protein  2 0 0 0 0 0 0 
C0HHJ4 Phosphoglycerate kinase  0 0 1 0 0 1 1 
C0HJ30 Uncharacterized protein  1 0 0 0 0 0 0 
C0P617 Uncharacterized protein  0 0 2 0 0 0 0 
C0P6L3 Uncharacterized protein  1 0 0 1 0 0 0 
C5WRX9 Cluster of Putative uncharacterized protein Sb01g000600  0 0 0 0 0 0 2 
C5XQP6 Cluster of Putative uncharacterized protein Sb03g006670  1 0 0 1 0 0 0 
C5XXY9 Cluster of Putative uncharacterized protein Sb04g007240  1 0 0 0 0 0 1 
C5Y5I9 Cluster of Putative uncharacterized protein Sb05g004100  0 0 1 1 1 0 0 
K7U2X9 Uncharacterized protein  0 0 0 0 1 0 0 
K7U6U5 
Ubiquinol-cytochrome c reductase complex protein 
(Fragment)  0 0 0 0 0 0 2 
K7UEG1 Cluster of Putative peptidase C48 domain family protein  1 1 0 0 1 0 0 
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K7UWX7 Uncharacterized protein  0 0 1 0 1 0 0 
K7VEB4 Uncharacterized protein  0 0 0 0 0 0 2 
K7VIL1 Uncharacterized protein  1 0 0 0 0 0 1 
K7WCZ1 Uncharacterized protein  1 0 0 0 1 0 0 
A0PFJ3 Cluster of D-amino acid oxidase  1 0 0 1 0 0 1 
B4F9G5 Cluster of Uncharacterized protein  1 0 0 0 0 0 1 
B4FAW7 Cluster of Uncharacterized protein  0 0 0 1 0 0 1 
B4FD56 Putative RING zinc finger domain superfamily protein  0 0 0 1 0 1 0 
B4FD65 Cluster of Delta3,5-delta2,4-dienoyl-CoA isomerase  1 0 0 0 0 0 0 
B4FEP9 Prolyl 4-hydroxylase 1  0 0 0 1 0 1 0 
B4FIB0 Cluster of Uncharacterized protein  0 0 0 1 1 0 0 
B4FL38 Phosphatase  0 0 0 0 2 0 0 
B4FL61 Uncharacterized protein  0 0 0 0 1 0 1 
B4FNX5 Cluster of Uncharacterized protein  0 0 0 1 0 0 0 
B4FUQ9 Cluster of RER1A protein  0 0 0 0 1 1 0 
B4FUX9 Uncharacterized protein  0 0 0 1 0 0 0 
B4FZ60 Disulfide oxidoreductase/ monooxygenase  0 0 1 0 1 0 0 
B4G1X4 Uncharacterized protein  0 0 0 1 0 1 0 
B6SNN6 Uncharacterized protein  0 0 1 1 0 1 0 
B6SRR5 Heparanase-like protein 2  0 0 2 0 0 0 0 
B6TAV9 Cluster of Putative ubiquitin-conjugating enzyme family  1 1 0 0 0 1 0 
B6TE26 Uncharacterized protein  0 1 1 1 0 0 0 
B6TG43 B-cell receptor-associated protein 31-like containing protein  1 0 1 0 0 0 0 
B6TM98 Cluster of Putative uncharacterized protein  0 1 2 0 0 0 0 
B6TRI3 Leucine-rich repeat-containing protein 40  1 0 0 1 0 0 0 
B6TZ91 Cluster of Esterase  0 0 0 0 1 1 0 
B6U5K7 Cluster of Serine carboxypeptidase F13S12.6  1 0 0 0 0 0 1 
B6U704 Putative uncharacterized protein  0 0 0 1 1 0 0 
B6U7P6 Blue copper protein  1 0 0 0 1 1 0 
B6U898 Disease resistance response protein 206  0 2 0 0 0 0 0 
C0HGC9 Uncharacterized protein  0 0 1 0 1 0 0 
C0P2P3 Uncharacterized protein  1 0 0 0 0 0 0 
C0PA11 Uncharacterized protein  1 0 0 0 0 0 1 
C4J5C1 Uncharacterized protein  0 0 0 1 0 1 0 
C4J6N6 Uncharacterized protein  0 0 1 0 0 0 0 
C5Z1D3 Cluster of Putative uncharacterized protein Sb09g026080  1 0 0 0 1 0 1 
K7UYM2 Putative XH domain family protein  0 0 1 1 0 0 0 
K7V1D8 Cluster of Uncharacterized protein  1 0 1 0 0 0 0 
Q41850 Rab28 protein  1 0 0 1 0 0 0 
Q5GAP5 Cluster of Putative paramyosin  0 0 1 1 0 0 0 
B4F7Y5 Acid phosphatase 1  0 0 0 1 1 0 1 
B4F877 Cluster of Uncharacterized protein  0 0 1 1 0 0 0 
B4F8L8 Uncharacterized protein  0 0 1 0 1 0 0 
B4FCS4 Uncharacterized protein  0 0 2 0 1 0 0 
B4FDT9 Cluster of Small nuclear ribonucleoprotein Sm D2  1 0 0 1 0 1 0 
B4FJ98 Uncharacterized protein  0 0 0 1 0 0 0 
B4FMP7 Cluster of Uncharacterized protein  0 0 0 1 0 1 0 
B4FRQ1 Cluster of Ribulose-phosphate 3-epimerase  0 0 1 1 0 0 1 
B4FUC1 Uncharacterized protein  1 0 0 1 1 0 0 
B4FV90 Uncharacterized protein  0 0 1 1 0 0 0 
B4FWN3 Cluster of Uncharacterized protein  0 0 1 2 0 0 0 
B6SWB3 Cluster of ATP-dependent RNA helicase dhh1  1 0 0 0 0 0 1 
B6SYW5 Putative ubiquitin-conjugating enzyme family  0 0 0 1 1 0 0 
B6TBE6 Cytosolic 5-nucleotidase III  0 0 0 1 0 1 1 
B6TF80 Germin-like protein subfamily 3 member 2  0 0 1 1 0 0 0 
B6TJR7 Cluster of Zinc finger C-x8-C-x5-C-x3-H type family protein  0 0 0 1 1 0 1 
B6TVP3 Phloem-specific lectin  0 0 0 1 0 1 1 
B6U0C5 Putative uncharacterized protein  0 0 0 0 0 1 1 
B6UAV0 Alpha-L-fucosidase 2  0 2 0 1 0 0 0 
B6UHC7 Cluster of Transcription factor HY5  0 1 0 0 1 1 0 
B7ZZ13 Cluster of Uncharacterized protein  0 0 0 1 0 0 2 
C0HFL6 Cluster of NADPH--cytochrome P450 reductase  1 0 0 1 0 0 1 
C0HG18 Cluster of Uncharacterized protein  1 0 0 0 0 0 1 
C0HGM2 Putative subtilase family protein  0 0 2 0 0 0 0 
C0PEZ0 Uncharacterized protein  0 0 2 0 0 0 0 
C5WNL7 Cluster of Putative uncharacterized protein Sb01g038740  0 0 1 1 0 0 1 
D9IZY9 Pathogenesis-related protein 5  0 0 2 0 0 0 0 
K7TV30 Uncharacterized protein  0 0 0 0 0 0 2 
K7U1U3 Cluster of Uncharacterized protein  0 1 0 1 1 0 0 
K7UTA2 Uncharacterized protein  0 1 0 1 1 0 0 
K7V945 EMB1374 isoform 1  0 1 1 0 1 0 0 
B4FAN0 Uncharacterized protein  0 0 1 1 1 0 0 
B4FDK9 Uncharacterized protein  2 0 0 0 0 0 0 
B4FHE9 Cluster of Uncharacterized protein  1 0 0 1 0 1 0 
??
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B4FI70 Dynein light chain LC6, flagellar outer arm  0 0 0 0 0 0 2 
B4FSI0 Cluster of CAPIP1  1 0 0 1 1 0 0 
B4G0Z1 Uncharacterized protein  0 1 1 1 0 0 0 
B6T1Z7 Putative Transmembrane 9 family protein member 1  1 0 0 0 0 0 1 
B6TGL6 Putative uncharacterized protein  0 0 1 1 0 0 0 
B6TJW9 Putative uncharacterized protein  0 0 0 1 0 1 0 
B6TN36 Cluster of 5S rRNA binding protein  1 1 0 2 0 0 0 
B6TSC0 
Cluster of 2-C-methyl-D-erythritol 2,4-cyclodiphosphate 
synthase  0 1 0 2 0 0 0 
B6TZ28 Cluster of DNA-binding protein EMBP-1  1 0 1 1 0 0 0 
B6U1S0 ATMAP70-3  1 0 1 0 0 1 0 
B6UFN0 Putative uncharacterized protein  0 0 1 1 1 0 1 
C0P6N0 Uncharacterized protein  1 0 1 1 0 0 0 
C0P813 Uncharacterized protein  1 1 0 0 1 0 0 
C0PBZ1 Uncharacterized protein  0 0 1 0 0 0 2 
C0PD06 Uncharacterized protein  0 1 0 1 0 1 0 
C0PFD6 Uncharacterized protein  0 1 0 1 1 1 0 
C0PH49 Uncharacterized protein  1 0 0 1 0 0 0 
C5XWZ7 Cluster of Putative uncharacterized protein Sb04g005870  0 0 1 0 0 0 2 
C5XXB7 Cluster of Putative uncharacterized protein Sb04g025760  0 1 1 1 0 0 0 
E7DDW2 Isoamyl acetate-hydrolyzing esterase  0 0 2 0 1 0 0 
K7UB26 Cluster of Uncharacterized protein  1 1 0 0 0 0 1 
K7V3K5 Cluster of Uroporphyrinogen decarboxylase  0 0 0 1 0 0 1 
M1HIW8 Arginine/serine-rich splicing factor SCL30 transcript II  1 0 0 1 0 0 0 
Q7XBD9 Putative gag-pol  0 1 0 2 0 0 0 
Q8W514 MSI type nucleosome/chromatin assembly factor C  0 1 1 0 1 0 0 
A5HEG3 Cluster of Putative growth-regulating factor 4  1 0 1 1 1 1 0 
B4F886 Cupin, RmlC-type  1 0 0 0 0 0 2 
B4FD96 Uncharacterized protein  0 0 2 0 1 0 0 
B4FJP6 Cluster of Sulfurtransferase  1 0 0 1 1 1 0 
B4FKI8 Uncharacterized protein  0 1 1 1 1 1 0 
B4FQQ6 Beta-glucosidase  1 0 1 0 0 0 1 
B4FSW7 Cluster of Uncharacterized protein  1 0 2 0 0 0 0 
B4FUV9 Uncharacterized protein  1 1 1 1 0 0 0 
B4FWK5 Cluster of 7-dehydrocholesterol reductase  1 0 0 0 0 0 2 
B6SI04 Peroxidase 65  0 0 1 1 1 1 0 
B6SNH4 Cluster of NudC domain-containing protein 2  0 0 1 1 0 0 1 
B6SQ11 Seed maturation protein  0 0 0 1 1 1 0 
B6STW7 39S ribosomal protein L47  0 0 0 2 1 0 0 
B6SWH5 Beta-catenin-like protein 1  0 0 0 1 1 1 0 
B6SXM5 Cluster of ATP binding protein  1 0 1 1 0 0 0 
B6TAU3 Putative uncharacterized protein  0 0 0 1 0 1 0 
B6TDW6 Cell wall integrity protein scw1  1 1 0 1 1 0 0 
B6TF33 Cluster of Circumsporozoite protein  0 1 2 0 0 0 0 
B6TLI4 Cluster of Lipid transfer protein  0 0 1 1 1 0 0 
B6TQ80 Cluster of Putative uncharacterized protein  1 0 1 1 0 0 0 
B6TVN1 Cluster of BCAS2 protein  0 0 1 1 1 0 0 
B6TXT3 Cluster of Putative uncharacterized protein  2 0 0 0 0 1 0 
B6TYC6 OTU domain-containing protein 6B  1 1 0 1 0 0 0 
B6U2D1 Acyl carrier protein  0 1 1 2 0 0 0 
B6UF27 Cluster of Integrin beta-1-binding protein 2  0 0 0 2 0 0 0 
C0HDX2 Uncharacterized protein  0 0 1 1 0 1 0 
C0HHF9 Uncharacterized protein  0 0 1 0 1 0 1 
C0P9I4 Uncharacterized protein  1 1 0 0 1 1 0 
C0PDQ9 Uncharacterized protein  2 0 0 1 0 1 0 
C0PIU0 Uncharacterized protein  1 1 1 0 0 1 0 
C5WN40 Cluster of Putative uncharacterized protein Sb01g010390  2 0 0 0 0 0 1 
C5WTP4 Cluster of Putative uncharacterized protein Sb01g043300  1 1 0 1 0 0 1 
K7UKG9 Cluster of Uncharacterized protein  1 1 2 0 0 0 0 
K7V4P8 Uncharacterized protein  0 0 1 1 1 0 0 
K7V8K7 Uncharacterized protein  0 1 0 0 2 0 0 
K7VMF0 Uncharacterized protein  0 0 0 0 0 0 2 
B4F7Z4 Uncharacterized protein  0 1 0 0 1 0 1 
B4FRJ8 Cluster of Uncharacterized protein  1 0 0 0 1 0 1 
B4FTG8 Uncharacterized protein  0 0 2 1 0 0 0 
B4G027 Acid phosphatase  1 0 0 1 1 1 0 
B6SMR6 UV-induced protein uvi31  0 0 0 1 1 1 0 
B6SX86 Cluster of Putative uncharacterized protein  0 1 1 1 1 1 0 
B6TGU0 Putative uncharacterized protein  0 0 0 1 1 1 0 
B6TK34 PHD finger protein  0 0 0 1 1 1 0 
B6TKU1 ABA-induced protein  0 0 2 0 0 1 1 
B6TNR5 Cluster of Tetratricopeptide repeat protein KIAA0103  1 0 0 1 0 1 0 
B6TXZ0 Cluster of Calcineurin B-like protein  0 0 1 2 1 0 0 
B6U2S9 Senescence-associated protein DH  2 0 0 0 0 1 0 
??
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B6UCY8 Cluster of Pre-mRNA-splicing factor prp45  1 0 0 1 1 0 1 
B7ZYS9 Uncharacterized protein  0 0 1 1 1 1 0 
B7ZZ56 Cluster of Anthocyanidin 5,3-O-glucosyltransferase  1 0 0 0 0 0 2 
B7ZZX5 Cluster of Uncharacterized protein  2 1 0 0 0 1 0 
C0PGB3 Uncharacterized protein  0 0 0 2 0 0 1 
C0PJI6 Nudix type motif protein 22  0 0 3 0 0 0 0 
C0PJN3 Uncharacterized protein  1 1 0 1 1 0 0 
C4J9I2 Uncharacterized protein  1 0 0 1 1 0 0 
C5G5X3 Cluster of Putative geranylgeranyl pyrophosphate synthase 1  1 1 0 1 1 0 0 
K7TX10 
Putative NAC domain transcription factor superfamily protein 
(Fragment)  1 0 0 0 1 1 0 
K7U917 Uncharacterized protein  0 0 2 0 0 1 0 
K7UWB0 Cluster of Peroxin Pex14  0 1 1 0 1 1 0 
Q1EPX7 C-terminal peptide-binding protein 1  0 0 1 0 1 0 2 
K7UML9 Uncharacterized protein  0 0 1 0 0 0 2 
B4F8B2 Uncharacterized protein  0 1 0 1 1 1 0 
B4F8F3 Uncharacterized protein  0 0 2 1 0 0 0 
B4FB70 Uncharacterized protein  1 0 0 0 0 0 2 
B4FCP2 Cluster of Uncharacterized protein  1 0 1 0 1 1 0 
B4FCQ1 Uncharacterized protein  1 0 1 0 1 2 0 
B4FI96 Uncharacterized protein  1 0 0 1 0 1 0 
B4FJP1 Cluster of Nucleic acid-binding/nucleotide-binding protein  1 1 1 0 1 1 0 
B4FQF7 Uncharacterized protein  1 1 0 1 0 1 0 
B4FT06 Cluster of Uncharacterized protein  0 1 0 1 1 1 0 
B4FU00 Uncharacterized protein  0 1 1 2 0 0 0 
B4FZN1 Uncharacterized protein  0 1 1 0 0 0 1 
B6SHZ5 Thioredoxin-like protein 1  0 0 0 0 1 1 1 
B6T7W8 Cortical cell-delineating protein  0 0 1 1 0 0 1 
B6TIL5 Protein phosphatase methylesterase 1  2 1 0 0 0 1 0 
B6TVY0 Uncharacterized protein  1 0 1 1 1 0 0 
B6UCP6 Putative uncharacterized protein  0 0 0 2 1 0 0 
B7ZXZ8 Uncharacterized protein  0 0 3 0 1 0 0 
B7ZY23 Cluster of Uncharacterized protein  1 1 0 2 1 0 0 
B8A355 Uncharacterized protein  1 1 1 1 1 0 0 
C0HDZ7 Uncharacterized protein  0 0 0 2 0 1 0 
C0HJ16 Uncharacterized protein  1 0 1 0 0 0 1 
C0P676 Uncharacterized protein  1 0 0 1 2 1 0 
C5X255 Cluster of Putative uncharacterized protein Sb02g026140  0 0 0 1 0 0 3 
C5Z6F2 Cluster of Putative uncharacterized protein Sb10g006960  1 0 0 0 1 1 1 
K7U3F5 Cluster of Uncharacterized protein  1 0 1 1 0 1 0 
K7URM4 Uncharacterized protein  0 0 1 1 1 0 0 
M1H548 Cluster of Arginine/serine-rich splicing factor SR45_1  1 1 0 1 1 0 0 
P02662 Alpha-S1-casein  0 0 1 1 1 1 0 
P49101 Cluster of Calcium-dependent protein kinase 2  1 0 0 1 1 1 0 
B4FIR6 Uncharacterized protein  1 1 0 1 1 0 0 
B4FLZ6 Uncharacterized protein  1 0 1 1 1 0 0 
B6SGJ5 Ectonucleotide pyrophosphatase/phosphodiesterase 1  0 1 1 0 1 1 1 
B6SIB7 Putative uncharacterized protein  2 0 1 0 0 1 0 
B6SXM6 Cluster of Peptide transporter PTR2  1 1 1 0 0 0 1 
B6T232 Uncharacterized protein  1 0 1 1 1 0 0 
B6TAW1 GAST1 protein  1 1 1 1 0 0 0 
B6THJ5 Phosphosulfolactate synthase-related protein  0 0 1 2 1 1 0 
B6TM56 Chloroplast outer envelope 24 kDa protein  1 0 2 1 0 1 0 
B6TNG8 Ngg1 interacting factor 3 like 1 binding protein 1 isoform 1  1 0 1 1 0 1 0 
B6TYC3 Triacylglycerol lipase  0 2 0 0 2 0 0 
B6UDX1 Subtilisin-like protease  0 0 3 0 0 0 0 
B6UHX3 Embryonic protein DC-8  0 0 0 3 0 1 0 
B7ZXD1 Uncharacterized protein  2 0 0 1 1 1 0 
C0PC69 Cluster of Uncharacterized protein  1 1 1 1 0 0 0 
C0PES7 Diphosphonucleotide phosphatase 1 isoform 1  1 0 0 1 0 0 1 
C0PET6 Uncharacterized protein  0 0 1 1 1 1 0 
C5Y9R1 Cluster of Putative uncharacterized protein Sb06g018670  1 1 0 1 0 0 1 
K7TJA7 Putative DUF827 domain containing family protein  0 0 1 1 1 0 0 
K7U8E4 Acyl-coenzyme A oxidase  1 1 1 0 0 1 1 
K7UUJ9 Putative bZIP transcription factor superfamily protein  0 1 1 1 1 1 0 
K7V3F9 Uncharacterized protein  0 0 0 1 1 1 0 
K7W1A6 Putative DUF869 domain containing family protein  1 1 1 1 0 0 0 
B4FGY0 Cluster of Calcyclin-binding protein  0 0 1 1 0 1 0 
B4FIX2 Uncharacterized protein  0 0 1 1 1 0 0 
B4FQJ2 Uncharacterized protein  1 0 1 1 1 0 0 
B4FQJ5 Cluster of Uncharacterized protein  0 0 0 3 0 1 0 
B4FZN2 Uncharacterized protein  0 0 1 1 1 0 0 
B4G189 Seed specific protein Bn15D14A  1 0 1 1 0 0 0 
B6SK58 Harpin inducing protein  1 0 2 0 0 0 2 
??
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B6SNR4 Ubiquinol-cytochrome c reductase complex 6.7 kDa protein  1 1 1 1 1 0 0 
B6TJC5 Cluster of Developmentally-regulated GTP-binding protein 2  1 1 0 0 1 1 1 
B6TJS9 Sec20 family protein  0 1 0 1 1 1 0 
B6TMU3 Uncharacterized protein  0 1 1 2 1 0 0 
B6TNG3 Ubiquitin carrier protein  0 1 1 1 1 0 1 
B6TQ47 Cluster of Ferrochelatase  1 1 0 2 0 1 0 
B6UI47 Cluster of SnRNP core Sm protein Sm-X5-like protein  1 1 1 1 1 0 0 
B6UIP1 Cluster of Membrane protein  1 0 1 1 0 1 0 
B8A324 Uncharacterized protein  0 0 4 0 0 0 0 
C0P3H1 Uncharacterized protein  1 0 1 1 1 1 0 
C4J1T9 Uncharacterized protein  0 0 1 2 1 0 0 
C4J748 Cluster of Uncharacterized protein  1 0 2 0 1 0 0 
C4JC78 Cluster of Uncharacterized protein  0 0 1 1 1 1 0 
C5X8X2 Cluster of Putative uncharacterized protein Sb02g020360  0 1 0 1 1 0 1 
F4YIN5 Cluster of Opaque-2 protein  1 1 1 1 0 0 0 
K7UZ96 Cluster of Uncharacterized protein  1 0 2 0 1 1 0 
K7V732 Cluster of Flap endonuclease 1  0 1 1 1 1 1 0 
Q8W149 CDC5 protein  1 0 1 0 0 1 0 
A8HNL5 Z1C alpha zein protein (Fragment)  1 0 0 1 3 0 0 
B4F7X5 Uncharacterized protein  1 0 0 0 1 1 2 
B4FRQ0 Cluster of Uncharacterized protein  1 0 0 2 0 0 1 
B6SWF4 Cluster of Subtilisin-like protease  0 1 2 1 1 0 0 
B6TJ17 Putative uncharacterized protein  0 1 1 2 1 0 0 
B6TX36 Fasciclin-like arabinogalactan protein 8  1 0 2 1 1 0 0 
B6U0U2 Cluster of Uncharacterized protein  1 0 0 2 1 1 0 
B6UH67 Late embryogenesis abundant protein D-34  1 0 0 2 1 1 0 
B7ZY38 Uncharacterized protein  0 0 2 0 0 1 0 
C0HG26 Uncharacterized protein  0 0 1 2 1 1 0 
C0PMF6 4-hydroxyphenylpyruvate dioxygenase  1 0 1 0 0 0 3 
C5XG02 Cluster of Putative uncharacterized protein Sb03g030620  1 1 1 1 1 0 0 
C5Z747 Cluster of Putative uncharacterized protein Sb10g025800  1 0 0 1 1 0 1 
K7U1B9 Uncharacterized protein  0 0 1 1 1 0 0 
K7UU93 Cluster of Uncharacterized protein  0 1 1 1 1 0 0 
K7UZD3 Pop3 peptide  1 0 1 1 1 0 1 
B4F7V6 Cluster of Ras-related protein RHN1  1 0 0 1 0 1 2 
B4F8I8 ATP binding protein  0 1 0 2 1 1 0 
B4FKV6 Peroxidase 54  0 1 1 1 1 1 0 
B4FU40 Cluster of Nucleotide-binding protein 1  0 1 1 1 0 1 1 
B4FZ01 Uncharacterized protein  0 1 0 3 0 1 0 
B6SH44 Uncharacterized protein  0 1 0 0 1 2 1 
B6T563 Nucleoside N-ribohydrolase 3  1 2 0 1 0 0 1 
B6TDI0 Cluster of Prefoldin subunit 3  1 1 0 1 0 1 1 
B6THH7 Isoamyl acetate-hydrolyzing esterase  0 0 2 1 1 0 1 
B6UDC2 Stress protein  2 0 0 0 0 0 2 
C0P4F3 Cluster of DAG protein isoform 1  0 0 2 1 1 0 1 
C0PC89 Uncharacterized protein  1 0 1 1 0 2 0 
K7VF13 Uncharacterized protein  0 1 2 1 0 1 0 
K7VNQ7 Uncharacterized protein  0 1 1 0 0 0 3 
K7VPB0 Uncharacterized protein  1 1 0 0 1 2 0 
B4F7S5 Uncharacterized protein  0 1 1 2 1 0 0 
B4FAZ3 Uncharacterized protein  1 1 0 2 1 1 0 
B4FRX0 Uncharacterized protein  0 0 4 0 0 0 0 
B4FSH6 Cluster of Uncharacterized protein  0 0 0 4 0 0 0 
B6SRM5 Putative uncharacterized protein  1 1 0 2 1 0 0 
B6SYU9 Signal recognition particle 14 kDa protein  2 0 0 1 1 0 1 
B6T4M0 RuvB-like 2  1 1 0 1 1 0 1 
B6TPE6 Cluster of Receptor-like protein kinase  0 0 2 1 2 0 0 
B6U2B4 Nucleic acid binding protein  0 1 1 2 0 1 0 
B6UBW7 Cluster of Stachyose synthase  0 0 0 2 1 0 1 
C0HHZ7 Cluster of Uncharacterized protein  1 1 0 0 0 2 1 
C0P4D9 Putative DUF1296 domain containing family protein  0 1 2 0 1 1 0 
C0P5I3 Uncharacterized protein  0 1 0 2 1 1 0 
C4J968 Cluster of Uncharacterized protein  0 1 0 2 1 1 0 
C4JBH6 Uncharacterized protein  1 0 1 1 0 1 1 
C5YC80 Cluster of Putative uncharacterized protein Sb06g001610  0 0 0 0 2 0 2 
K7UB79 Uncharacterized protein  0 1 1 1 1 1 0 
K7UIH9 Microtubule-associated protein MAP65-1a  0 1 1 1 0 1 0 
K7V0N6 Uncharacterized protein  1 1 1 1 1 1 0 
K7VZS5 Cluster of Uncharacterized protein  1 1 1 0 0 0 2 
B4FEK4 Cluster of Uncharacterized protein  1 1 0 1 1 1 0 
B4FEM1 Cluster of Uncharacterized protein  1 0 1 2 1 1 0 
B4FGJ9 Heat shock protein binding protein  0 1 0 1 2 0 0 
B6T3V3 Mitochondrial import receptor subunit TOM22  1 1 0 1 1 0 0 
B6TCC3 DNA-directed RNA polymerase II 36 kDa polypeptide A  1 1 1 1 1 1 1 
??
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B6TGD4 Uncharacterized protein  0 1 1 1 2 1 1 
B6TN35 Cluster of Proline-rich cell wall protein-like  1 1 1 1 1 1 0 
B6U1V2 Putative uncharacterized protein  0 1 1 2 0 1 0 
B6UGA4 
Mitochondrial import inner membrane translocase subunit 
TIM16  1 1 1 2 1 0 0 
B8A3K1 Glutathione S-transferase,-like protein  1 0 0 1 1 0 2 
C0HFL3 Cluster of Uncharacterized protein  0 1 2 0 1 0 2 
C5XC52 Cluster of Putative uncharacterized protein Sb02g024220  1 0 3 0 0 0 2 
C5XZS6 Cluster of Putative uncharacterized protein Sb04g029510  2 1 1 1 0 1 0 
K7TNL9 Cluster of Uncharacterized protein  1 0 2 1 1 0 0 
K7U3M3 Uncharacterized protein  2 1 0 1 1 0 1 
K7U6F0 Cluster of Uncharacterized protein  2 1 0 1 0 1 1 
B4F8D8 Cluster of Uncharacterized protein  0 0 1 2 1 1 0 
B4FFU2 Cluster of Uncharacterized protein  0 0 4 0 1 0 0 
B4FQ41 Uncharacterized protein  1 1 0 1 1 1 1 
B4FQ71 Cluster of Uncharacterized protein  0 1 1 3 0 1 0 
B6SHJ5 60S ribosomal protein L44  1 1 2 2 0 0 0 
B6SQH6 Cluster of Import inner membrane translocase subunit Tim8  1 1 1 1 0 0 2 
B6TIB6 Glucosamine 6-phosphate N-acetyltransferase  1 1 0 1 1 2 0 
B6TNL8 Putative uncharacterized protein  1 1 1 1 1 1 1 
B6UD91 Pectinesterase inhibitor domain containing protein  0 1 2 0 0 0 2 
C0HEX8 Uncharacterized protein  1 1 1 2 1 1 0 
C0PMM0 Uncharacterized protein  1 1 1 0 0 1 2 
C5Z3D1 Cluster of 3-phosphoshikimate 1-carboxyvinyltransferase  1 1 0 1 0 0 3 
A8HNK3 Z1C alpha zein protein (Fragment)  0 0 0 0 5 0 0 
B4FG27 Cluster of Protein held out wings  1 1 1 1 1 2 0 
B4FI22 Uncharacterized protein  1 1 0 0 0 1 3 
B4FRP8 Cluster of Plastid-lipid-associated protein 2  0 0 3 1 2 0 1 
B6STC4 Cluster of Putative uncharacterized protein  0 1 1 2 1 0 1 
B6TAZ4 Cluster of Metallothionein-like protein type 2  0 0 2 0 0 4 0 
B6TCH2 Cluster of BSD domain containing protein  0 1 1 2 1 1 0 
B6TQC0 3-N-debenzoyl-2-deoxytaxol N-benzoyltransferase  1 0 1 1 0 0 2 
B6TWF2 Cluster of Charged multivesicular body protein 2a  1 1 0 3 1 1 0 
B6TX66 Fasciclin-like arabinogalactan protein 10  0 1 2 1 1 1 0 
C0PB33 Uncharacterized protein  0 0 2 2 1 1 1 
C4J6T2 Cluster of Uncharacterized protein  1 0 0 2 1 2 0 
C4J9Z7 
Cluster of Putative mitochondrial import inner membrane 
translocase subunit TIM23 family protein  1 1 0 2 1 0 0 
C5XR62 Cluster of Putative uncharacterized protein Sb03g028340  0 2 1 1 0 1 1 
K7UDG8 Uncharacterized protein  1 0 0 2 1 1 0 
K7VB57 Cluster of Uncharacterized protein  0 0 1 2 1 2 0 
B6TNW8 Inosine triphosphate pyrophosphatase  0 1 0 1 1 2 0 
B4FD69 Uncharacterized protein  0 2 2 1 1 0 0 
B4FGW7 Cluster of Indole-3-glycerol phosphate lyase  1 1 1 2 1 1 0 
B6SMW8 TPR repeat region family protein  1 1 1 1 1 2 0 
B6SPB2 Flavoprotein wrbA  0 1 2 2 1 0 0 
B6T2C6 Peptide methionine sulfoxide reductase msrB  0 1 2 1 1 1 0 
B6T8Q2 Cluster of Putative uncharacterized protein  0 1 2 1 1 1 1 
B6TD00 Cluster of Fas-associated factor 1-like protein  2 1 0 1 1 1 1 
B6TL82 Cluster of Putative uncharacterized protein  1 1 1 2 1 0 1 
B6TSK6 Oleoyl-acyl carrier protein thioesterase  0 0 1 2 0 0 3 
B6TU33 Rapid alkalinization factor 1  0 1 2 2 1 1 0 
B6U0X2 Cluster of Uncharacterized protein  0 1 4 1 0 0 0 
C5WSE5 Cluster of Putative uncharacterized protein Sb01g029230  3 0 0 0 1 0 2 
C5XR05 Cluster of Putative uncharacterized protein Sb03g027790  0 0 4 1 1 0 0 
C5Y5P6 Cluster of Putative uncharacterized protein Sb05g004510  1 0 0 1 1 0 2 
K7UTH3 Putative DUF1296 domain containing family protein  1 2 2 1 1 1 0 
K7VC97 Cluster of Uncharacterized protein  2 1 0 0 1 1 2 
Q30BI3 Cluster of NADPH-dependent reductase  0 0 3 0 0 0 2 
Q41884 Zein  0 0 5 0 0 0 0 
B4FB62 Uncharacterized protein  1 1 2 0 1 1 0 
B4FGI9 Cluster of Transport protein particle subunit trs31  1 1 1 1 1 1 1 
B4FXT5 Uncharacterized protein  1 1 2 1 1 1 1 
B6SKJ7 Early nodulin-like protein 3  1 0 2 2 1 0 0 
B6TTB2 Putative uncharacterized protein  1 0 1 2 2 1 0 
B7ZX43 Cluster of Uncharacterized protein  1 1 3 0 1 1 0 
C4JAS1 Uncharacterized protein  1 1 1 1 2 0 0 
K7TS12 Uncharacterized protein  1 1 1 0 1 2 0 
K7VDH6 Cluster of Uncharacterized protein  1 1 1 1 0 0 2 
K7VGF5 Cluster of Uncharacterized protein  0 0 1 2 2 1 0 
B4FA99 Cluster of Uncharacterized protein  1 1 1 2 2 1 0 
B4FF90 Phosducin-like protein 3  1 1 2 2 1 1 1 
B4FN54 Uncharacterized protein  0 1 2 1 2 1 1 
B4G033 Peptidyl-prolyl cis-trans isomerase  1 0 3 1 1 1 0 
??
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B6SI77 Cluster of Uncharacterized protein  0 1 1 2 1 1 1 
B6T0D0 Cluster of Beta-galactosidase  1 1 2 0 1 1 1 
B6T8I4 Pre-mRNA-splicing factor ISY1  0 1 1 2 1 1 0 
B6TK17 DREPP2 protein  1 0 4 0 1 1 1 
B6TKI9 Rae1-like protein  1 0 4 1 1 0 0 
B6TYD5 Uncharacterized protein  3 1 0 1 0 0 1 
B6U8Y6 Putative uncharacterized protein  0 0 0 2 1 3 0 
B7ZZN9 Cluster of Uncharacterized protein  1 1 1 1 1 2 0 
C0PIX1 Cluster of Uncharacterized protein  1 0 2 2 1 0 0 
C5X999 Cluster of Putative uncharacterized protein Sb02g033930  1 2 0 2 1 0 1 
C5XT16 Cluster of Putative uncharacterized protein Sb04g001820  1 1 0 2 1 1 0 
G4XT60 Cluster of Prolyl 4-hydroxylase 8-5  1 1 1 1 1 3 0 
K7W4T6 Cluster of Uncharacterized protein  1 0 3 1 1 0 0 
B4FE46 Uncharacterized protein  0 1 1 1 1 2 0 
B4FPX1 Uncharacterized protein  0 0 2 1 2 1 0 
B6SI82 Pre-rRNA-processing protein TSR2  1 1 0 3 1 0 0 
B6TE60 Uncharacterized protein  1 1 1 1 1 2 0 
B6UA70 Putative uncharacterized protein  1 1 1 1 1 2 1 
C0PD15 Uncharacterized protein  0 0 3 1 1 1 0 
K7U769 Cluster of Uncharacterized protein  1 1 1 2 1 1 0 
K7VWF2 Uncharacterized protein  1 0 0 1 0 0 4 
B4FBD6 Ribonuclease 3  0 0 0 0 0 0 7 
B4FBM0 Cluster of Uncharacterized protein  1 1 0 2 2 2 0 
B4FNP2 Uncharacterized protein  0 1 3 2 1 0 0 
B6TWC3 Rhicadhesin receptor  0 0 3 1 0 3 1 
B6TWZ8 Cluster of PDIL5-2-Zea mays protein disulfide isomerase  2 1 1 3 1 0 0 
C0HEW3 Uncharacterized protein  0 1 3 1 1 1 0 
C0HF38 Cluster of Pentatricopeptide repeat (PPR) superfamily protein  1 1 1 2 1 1 0 
Q10717 Cysteine proteinase 2  1 0 4 1 1 1 1 
B4FYZ2 Beta-hexosaminidase  0 1 6 0 0 0 0 
B6T2P8 Cluster of Chloroplastic quinone-oxidoreductase  1 1 1 1 1 1 1 
B6T341 Cysteine proteinase inhibitor 2  0 0 3 2 0 2 0 
B6TJH8 Cluster of Mitochondrial glycoprotein  1 1 1 2 2 2 0 
B6TMP4 Membrin 11  0 0 0 3 0 3 0 
B6TVI5 Cluster of Putative uncharacterized protein  2 0 1 1 0 0 2 
B6TWI3 HD domain containing protein  0 1 1 2 2 1 0 
B6U6W0 Cluster of Peroxidase 52  1 1 4 1 1 0 0 
B6U7Y1 Cluster of Activator of 90 kDa heat shock protein ATPase  1 0 1 2 2 1 1 
B7ZY36 Uncharacterized protein  0 0 4 1 1 1 0 
C0PIK8 Cluster of Prolyl 4-hydroxylase 2  2 1 0 1 1 2 1 
C4J036 Uncharacterized protein  1 0 0 2 1 2 0 
C4J5I7 Cluster of Uncharacterized protein  1 2 2 1 1 1 0 
K7ULB4 Cluster of Uncharacterized protein  1 1 1 3 1 1 0 
K7UZM6 Cluster of Uncharacterized protein  1 2 2 2 1 1 0 
K7V0F3 Uncharacterized protein  2 1 2 1 0 0 2 
B4FAF0 Cluster of Uncharacterized protein  2 1 1 2 0 1 0 
B4FS28 Cluster of Serine/threonine-protein phosphatase  1 1 1 2 0 2 1 
B4G198 Cluster of Shwachman-Bodian-Diamond syndrome protein  1 1 2 2 1 1 0 
B6SHU1 Vacuolar protein sorting protein 25  0 1 1 2 1 2 0 
B6SIC9 SWIb domain-containing protein  1 2 1 1 2 1 0 
B6ST53 Fasciclin-like arabinogalactan protein 7  1 1 1 2 2 1 0 
B6UH87 Cluster of Putative uncharacterized protein  2 1 0 1 1 3 1 
C0PD01 Uncharacterized protein  1 1 2 1 1 1 1 
C0PJI1 Cluster of Uncharacterized protein  1 1 1 2 2 1 1 
C4J118 Cluster of Uncharacterized protein  1 1 0 4 2 0 1 
C5WLV9 Cluster of Glucose-1-phosphate adenylyltransferase  1 1 1 0 0 0 5 
K7U8G7 Cluster of Uncharacterized protein  2 1 0 2 1 2 0 
K7ULI1 Uncharacterized protein  1 1 2 2 1 0 0 
K7USR8 Cluster of Uncharacterized protein  1 0 1 3 1 2 0 
K7V5S9 Cluster of Uncharacterized protein  0 1 4 2 1 0 1 
K7VUX7 60S acidic ribosomal protein P2B  1 1 2 2 1 1 0 
K7VX68 Cluster of Uncharacterized protein  0 0 7 0 0 0 0 
Q6PNA0 Putative RUB1 conjugating enzyme  2 1 0 2 2 0 1 
B4FEN4 Cluster of Uncharacterized protein  1 1 3 1 1 1 1 
B4FLU0 Cluster of Uncharacterized protein  0 0 2 2 2 2 0 
B4FSL4 Cluster of Uncharacterized protein  1 1 2 2 0 2 0 
B4FT45 Uncharacterized protein  1 1 1 2 2 1 0 
B4FZS2 Uncharacterized protein  1 1 2 2 1 2 0 
B6SHI8 Cluster of CENP-E like kinetochore protein  1 1 2 2 1 1 0 
B6SMK8 Cluster of Inositol-1-monophosphatase  1 1 4 1 0 0 0 
B6SRH1 Cluster of NADH-ubiquinone oxidoreductase 18 kDa subunit  2 1 1 2 2 0 0 
B6SSX2 Cluster of Gamma-glutamyltranspeptidase 1  0 1 3 1 2 1 0 
B6SZF0 Metal-dependent phosphohydrolase, HD subdomain  1 2 1 2 1 2 0 
B6T6R7 Charged multivesicular body protein 5  1 1 1 2 0 2 0 
??
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B6U478 Cluster of CHL-CPN10  0 1 4 1 0 0 2 
C0P9V2 Cluster of Uncharacterized protein  1 1 1 3 2 0 0 
K7TEL4 Cluster of Uncharacterized protein  0 0 7 0 0 0 0 
B4FZ69 Uncharacterized protein  1 1 1 2 2 1 0 
B6T0D7 Catalytic/ oxidoreductase, acting on NADH or NADPH  1 1 2 2 1 1 0 
B6TG00 Copper ion binding protein  1 1 1 0 3 2 0 
B6U6V0 Putative uncharacterized protein  0 1 1 1 3 2 0 
C0PD02 Cluster of Aldose 1-epimerase  1 4 0 1 1 0 0 
K7TYJ1 Cluster of Ribonucleoprotein  1 1 3 1 0 1 1 
K7UKZ1 Cluster of Uncharacterized protein  1 0 1 1 2 1 2 
Q9ZTL2 Cluster of Cell wall invertase Incw1  1 2 0 3 1 1 0 
B4FB81 Uncharacterized protein  1 1 1 2 1 2 0 
K7V014 Uncharacterized protein  2 1 1 2 1 0 0 
B4FBI1 Uncharacterized protein  1 0 0 2 4 1 0 
B4FI49 Uncharacterized protein  2 1 1 1 1 0 2 
B6TET7 Abscisic stress ripening protein 1  0 0 2 0 2 2 2 
B6TM27 Cluster of DCN1-like protein 2  1 1 2 2 1 1 0 
B6TZE8 
Cluster of Pinin/SDK/memA/ protein conserved region 
containing protein  1 1 0 4 2 1 0 
K7UXV6 Uncharacterized protein  0 1 3 1 2 1 0 
Q3S3T0 Hemoglobin 2  0 1 4 1 1 1 0 
Q9XHF3 Putative uncharacterized protein 334B7.2 (Fragment)  0 0 2 3 3 1 0 
P35908 Keratin, type II cytoskeletal 2 epidermal  0 0 2 4 0 1 0 
B4FZV9 Glycerol-3-phosphate dehydrogenase  1 1 1 2 3 1 1 
B6TB10 IN2-1 protein  0 0 1 1 1 5 1 
B6TCM6 Putative uncharacterized protein  1 1 3 2 2 1 0 
B6TK06 
Cluster of Lymphoid organ expressed yellow head virus 
receptor protein  1 1 1 3 2 1 0 
B6TPB9 Cluster of Putative uncharacterized protein  2 1 1 3 2 0 0 
B6U770 DAG protein  0 1 3 2 1 1 1 
C0PH51 Cluster of Uncharacterized protein  0 1 0 3 2 2 0 
Q49HD9 12-oxo-phytodienoic acid reductase  0 1 0 3 2 2 0 
Q9ZTQ4 Cell wall invertase  1 2 2 0 4 0 0 
B4FT02 Cluster of Uncharacterized protein  1 1 2 2 2 2 0 
B6SJF7 Histidine triad nucleotide binding protein  0 1 2 2 1 1 2 
B6TMJ8 Cluster of GDP-L-fucose synthase 1  0 1 1 1 1 1 5 
B6TTM2 Cluster of SWIb domain-containing protein  0 1 3 2 2 2 0 
B6UEC0 Cluster of Putative uncharacterized protein  1 0 3 1 2 1 2 
C0PAK6 Cluster of Uncharacterized protein  2 1 2 2 1 1 1 
K7U4C2 Uncharacterized protein  0 1 3 3 1 1 1 
Q84UE5 Isoamylase-type starch debranching enzyme ISO3  1 2 2 2 1 1 0 
B4F8F8 Cluster of Alpha-6-galactosyltransferase, mRNA isoform 1  0 1 0 6 1 1 0 
B4FBU2 Cluster of Uncharacterized protein  2 1 0 0 2 5 0 
B4FS59 Uncharacterized protein  1 2 1 3 2 1 0 
B6U823 Cluster of Ribose-5-phosphate isomerase  2 2 1 2 2 1 0 
C4J6I7 Uncharacterized protein  2 0 1 1 1 2 3 
E1U816 ERTC  0 2 0 3 2 2 0 
B6TXF5 Golgi SNAP receptor complex member 1  1 2 1 3 2 2 0 
C0P9S6 Uncharacterized protein  1 1 2 2 1 1 3 
B6SHB6 Cluster of Transcription elongation factor 1  1 1 2 2 1 2 1 
B6SUB8 Aldose 1-epimerase  1 1 2 1 3 1 1 
B6T213 Uncharacterized protein  1 2 3 2 0 2 0 
B6TDE6 Cluster of Deoxyribonuclease tatD  1 3 0 2 3 1 0 
B6TIR4 Ribulose-phosphate 3-epimerase  2 1 1 3 2 1 1 
B6TVI6 Uncharacterized protein  1 1 1 3 2 1 0 
B7ZYG0 Uncharacterized protein  0 1 2 2 2 2 0 
B8A034 Cluster of Uncharacterized protein  2 0 3 1 1 1 2 
C0HF79 Cluster of Hexokinase-1  2 2 2 2 2 1 0 
B4F836 Cluster of Putative glyoxalase family protein  0 0 8 0 1 1 1 
B6TIY2 Transposon protein  0 0 2 3 2 2 0 
B6UFA9 Alpha-soluble NSF attachment protein  0 1 1 3 3 2 0 
C0PA83 Cluster of Uncharacterized protein  1 0 4 1 1 1 2 
K7V4K2 Cluster of Putative serine peptidase S28 family protein  0 0 4 5 0 0 1 
B4FEY9 Cluster of Acyl-CoA-binding domain-containing protein 6  2 1 1 3 2 1 0 
B6T4T1 Cluster of Uncharacterized protein  1 0 3 2 2 2 0 
B6T790 DNA repair protein RAD23-1  0 0 2 2 1 5 0 
B6TC81 Putative uncharacterized protein  1 1 2 2 1 2 1 
B6TK69 Cluster of Peroxin Pex14  1 1 2 4 1 2 0 
C0P822 Cluster of Uncharacterized protein  1 2 3 3 1 1 0 
C0PEP2 1-aminocyclopropane-1-carboxylate oxidase 1  0 0 2 4 0 0 3 
K7UUN1 Cluster of Uncharacterized protein  1 1 1 2 2 2 1 
K7VG69 Uncharacterized protein  1 1 3 1 0 0 5 
B4FL94 Uncharacterized protein  1 1 1 2 2 2 1 
K7TTQ6 Uncharacterized protein  0 3 0 3 2 2 0 
??
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B4FX70 Cluster of HEAT repeat family  1 1 2 3 2 2 2 
B4FZ48 Cluster of Uncharacterized protein  1 1 3 2 2 1 1 
B6SMH0 Trypsin/factor XIIA inhibitor  0 0 3 0 0 5 3 
B6UD55 Cluster of NADH-ubiquinone oxidoreductase 19 kDa subunit  3 1 1 3 1 2 0 
B8A1G9 Cluster of Uncharacterized protein  2 1 1 4 2 2 0 
C4J9I1 Uncharacterized protein  1 1 0 4 2 2 0 
A1YLY8 Cluster of Putative cytidine deaminase  1 1 1 3 2 2 2 
B4FIV4 Cluster of SnRK2.3  2 2 1 1 2 1 2 
B4G0H5 Membrane-associated salt-inducible protein like  1 1 2 4 2 2 0 
B6SU82 Cluster of Pre-mRNA-splicing factor cwc15  2 1 1 3 1 3 0 
B6U752 Cluster of Heterogeneous nuclear ribonucleoprotein R  1 1 2 4 2 2 0 
B4FSB7 Uncharacterized protein  0 2 0 5 2 2 1 
B6TAA9 Putative uncharacterized protein  1 2 1 4 1 2 0 
B6TEM6 Cluster of Acyl carrier protein  2 2 1 3 2 2 0 
B6TH09 Cluster of Immediate-early protein RSP40  1 1 2 3 3 2 1 
B6UEA2 4F5 protein family protein  2 2 2 3 1 2 0 
C5YHS5 Cluster of Putative uncharacterized protein Sb07g026190  3 2 0 2 2 2 0 
K7TMY3 Cluster of Uncharacterized protein  1 0 7 0 2 0 2 
B4FPQ2 Cluster of Dihydroneopterin aldolase  1 1 2 4 2 1 0 
B4FQL1 Cluster of Uncharacterized protein  3 0 1 2 0 1 4 
B4FT76 ATP-dependent transporter ycf16  1 1 2 2 2 2 2 
B4FWY5 Cluster of BSD domain containing protein  1 1 2 3 3 2 0 
B6SQD4 
Cluster of Catalytic/ oxidoreductase, acting on NADH or 
NADPH  1 1 1 3 3 2 0 
B6TAV8 Ribosome recycling factor  1 1 1 4 3 3 0 
C0PGL7 Uncharacterized protein  1 1 1 4 2 3 0 
C0PGS3 Uncharacterized protein  0 1 3 3 3 2 0 
C5WQF6 Cluster of Putative uncharacterized protein Sb01g012840  1 2 3 3 2 2 0 
B4FBB6 Cluster of Uncharacterized protein  1 1 3 4 2 2 0 
B4FCE3 Cluster of Small nuclear ribonucleoprotein F  2 2 2 3 2 2 0 
B4FT77 Uncharacterized protein  1 0 5 2 2 2 1 
B4FUX7 Cluster of Uncharacterized protein  1 2 0 4 3 2 0 
B6TM99 Cluster of Ubiquitin thioesterase otubain-like protein  1 2 2 3 2 2 0 
B6UHU4 
Cluster of Acidic leucine-rich nuclear phosphoprotein 32 
family member A  1 1 4 3 2 2 0 
C0P5A1 Uncharacterized protein  1 1 2 4 1 2 0 
K7USS0 Cluster of Uncharacterized protein  1 2 3 2 4 1 0 
B6SM71 Uncharacterized protein  1 3 3 2 1 2 0 
B6SQB3 Putative uncharacterized protein  1 2 2 3 1 2 0 
B6SYW6 Putative uncharacterized protein  1 3 1 3 2 3 0 
C0P8V8 Cluster of Uncharacterized protein  1 2 3 3 3 2 0 
C0PI69 Cluster of Uncharacterized protein  1 2 3 2 3 2 0 
C5WU08 Cluster of Putative uncharacterized protein Sb01g002420  1 1 4 1 3 3 0 
B4FCX4 Cluster of Uncharacterized protein  2 3 1 2 3 2 0 
B4FEC8 Cluster of Protein transport protein Sec61 beta subunit  2 1 1 3 4 1 0 
B6STP1 Stress responsive protein  5 1 0 3 0 4 0 
B6T3P2 Cluster of Nucleic acid binding protein  1 1 2 4 2 3 0 
B6THD9 Cluster of Transcription initiation factor IIB  1 2 2 3 2 2 0 
B4FQH1 Cluster of Uncharacterized protein  3 1 4 3 1 1 0 
C0HE93 Uncharacterized protein  2 2 0 4 2 3 0 
K7UNM6 Cluster of THUMP domain containing protein  3 1 1 3 2 4 0 
B6TCR8 Protein binding protein  1 2 4 2 2 2 0 
K7UGQ0 Cluster of Uncharacterized protein  2 2 2 2 2 2 2 
B6SQN8 Protein phosphatase inhibitor 2 containing protein  1 1 2 4 3 3 0 
B6T4N2 Cluster of Putative uncharacterized protein  2 3 3 3 2 1 0 
B4FLE3 Cluster of Prostaglandin E synthase 3  1 3 1 3 2 3 0 
B4FNE5 Cluster of Uncharacterized protein  1 2 2 3 3 3 0 
K7VYL0 Phospholipase D  0 1 0 9 1 2 0 
B6T7W2 Putative uncharacterized protein  0 1 6 4 3 1 0 
B4FUA0 Cluster of Uncharacterized protein  1 2 1 4 3 3 1 
B6THB6 Cluster of COP9 signalosome complex subunit 1  3 1 1 3 2 2 2 
K7UHU9 Uncharacterized protein  1 2 4 3 2 3 1 
Q5EUD4 Cluster of Protein disulfide isomerase  2 2 3 4 3 1 1 
B4FAE4 Cluster of CHL-CPN10  1 2 4 3 2 2 2 
B4FCM3 Uncharacterized protein  2 2 3 2 3 3 1 
B4FUH1 Cluster of NADH-ubiquinone oxidoreductase 23 kDa subunit  2 1 2 3 4 3 0 
B6SH45 Cluster of Autophagy-related 8e variant 1  1 2 1 5 2 4 0 
B6TFC8 Cluster of HMG1/2-like protein  3 2 4 2 0 5 0 
P00412 Cluster of Cytochrome c oxidase subunit 2  4 1 1 2 2 2 3 
B4FL68 Cluster of Tetratricopeptide repeat protein 1  2 3 2 3 2 3 0 
B6SXZ1 Putative uncharacterized protein  1 2 3 4 4 1 0 
Q5G1U0 Cluster of Malic enzyme  4 1 1 3 3 2 2 
B4FJE0 Cluster of Uncharacterized protein  0 1 9 3 2 1 0 
B6TA37 Protein RCC2  3 4 3 3 1 1 0 
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B4FCM4 Prenylated Rab receptor 2  2 2 2 3 3 3 1 
B4FZA1 Mitochondrial glycoprotein  1 4 2 5 2 3 0 
K7UJ87 Cluster of Uncharacterized protein  1 3 1 5 3 3 0 
Q9XE93 Cluster of Exhydrolase II  1 4 3 3 2 3 0 
Q43249 Alpha-mannosidase (Fragment)  1 3 6 3 2 2 0 
B8A1H0 Uncharacterized protein  1 2 5 2 3 3 0 
C6JS69 Cluster of Putative uncharacterized protein Sb0088s002010  0 0 3 6 4 3 1 
B4FP72 Cluster of Uncharacterized protein  1 3 3 5 2 2 0 
B6TG29 Cluster of Histone H1  2 2 2 5 3 4 0 
C0P3Z4 Cluster of Uncharacterized protein  0 1 10 1 4 1 0 
C5YED4 Cluster of Acyl-[acyl-carrier-protein] desaturase  2 3 3 3 2 2 1 
B6TCT3 Putative uncharacterized protein  3 3 3 4 3 2 0 
B4FRW3 Uncharacterized protein  1 3 2 4 4 3 0 
B6T4F7 Cluster of Charged multivesicular body protein 2a  1 2 2 5 2 4 1 
K7U7Q7 Cluster of Uncharacterized protein  1 2 3 3 3 4 0 
P13645 Cluster of Keratin, type I cytoskeletal 10  0 0 8 6 1 1 2 
Q10716 Cysteine proteinase 1  2 2 4 2 2 1 4 
B6SJN4 Putative uncharacterized protein  1 2 4 3 3 4 0 
B6TWB5 Uncharacterized protein  1 2 4 5 3 3 0 
B6SN61 Grx_C2.1-glutaredoxin subgroup I  1 4 3 4 5 1 1 
B4F9Z6 Cluster of Enzyme of the cupin family protein  2 3 3 4 3 3 0 
C0P6H1 Uncharacterized protein  1 3 6 5 2 2 0 
C0PBE6 Cluster of Uncharacterized protein  2 3 1 5 2 4 1 
B6TSW8 Protein binding protein  1 2 6 4 3 3 0 
C5XYI1 Cluster of Putative uncharacterized protein Sb04g008090  2 3 4 3 2 4 1 
O23888 Indole-3-acetaldehyde oxidase  2 2 4 4 4 3 0 
B4FPJ1 Cluster of Protein transporter  2 1 2 4 4 5 1 
B6TAA7 Chaperonin  2 3 2 6 4 2 0 
B6TDW7 Secretory protein  1 0 8 5 1 2 1 
B4FQ97 Cluster of Uncharacterized protein  0 2 9 3 1 3 1 
B4FWP8 Uncharacterized protein  2 3 2 6 5 1 0 
B6TR41 Cluster of Carrier/ steroid binding protein  2 2 3 5 2 5 0 
K7VQB2 Uncharacterized protein  2 2 4 5 3 3 1 
K7TZ99 Cluster of Uncharacterized protein  2 4 5 3 3 1 1 
Q41834 Nucleic acid-binding protein  1 2 7 3 2 2 2 
B6U6D8 Cluster of Putative uncharacterized protein  1 2 3 7 3 3 0 
B4FNT8 Uncharacterized protein  0 2 13 2 2 0 2 
B6SHP3 Cluster of Ubiquitin-conjugating enzyme E2-21 kDa 1  0 2 4 4 3 4 3 
B6T402 Cluster of Endoplasmic oxidoreductin-1  1 1 2 9 1 5 1 
B6TD64 Cluster of Ferredoxin--NADP reductase  1 2 12 2 3 0 1 
C0P4G8 Cluster of Uncharacterized protein  2 0 6 7 3 2 0 
B4FFW5 Cluster of Uncharacterized protein  1 3 0 7 4 6 0 
C0PCL6 Cluster of CHCH domain containing protein  2 4 4 5 4 4 0 
C0HE67 Cluster of Uncharacterized protein  2 3 6 5 3 4 0 
B4G1Q1 60S ribosomal protein L27a-2  3 2 4 5 2 4 3 
B6U6Z4 Dihydroorotase  1 2 13 4 1 3 0 
B6TRD2 Cluster of Eukaryotic translation initiation factor 4B  2 3 3 6 3 5 1 
C0P8J4 Cluster of Uncharacterized protein  0 0 0 18 0 4 0 
B6TB46 Cluster of Prefoldin subunit 2  3 5 3 4 3 4 1 
B4FN51 Uncharacterized protein  2 3 4 5 2 7 0 
B4FAC9 Cluster of Uncharacterized protein  2 5 0 8 4 4 0 
B6TUE7 Cluster of Uncharacterized protein  2 1 2 10 3 6 1 
B6T8S7 Cluster of Tonneau 1b  3 3 3 8 4 5 1 
B4F8L0 Cluster of Uncharacterized protein  2 4 4 8 4 4 0 
B6TE04 Cluster of Purple acid phosphatase 1  2 4 4 5 5 6 0 
B6TS46 Cluster of Sulfite oxidase  2 2 8 5 5 1 4 
B6TES9 Cluster of Protein lap1  3 4 1 6 4 6 3 
B6TPR6 Cluster of Electron transfer flavoprotein beta-subunit  3 1 4 7 4 5 3 
B4FQH3 Cluster of PP2A regulatory subunit TAP46  1 2 4 9 5 5 2 
B8A2H8 Cluster of Uncharacterized protein  3 4 4 6 4 5 1 
B4F8R5 Cluster of Uncharacterized protein  2 3 17 2 1 1 2 
C5YNA5 Cluster of Putative uncharacterized protein Sb07g024460  4 4 4 7 4 4 0 
B4FAH3 Cluster of Uncharacterized protein  4 4 3 6 6 4 2 
B4G1C2 Uncharacterized protein  1 1 11 0 2 10 4 
B4F8S9 Cluster of Uncharacterized protein  1 2 10 5 4 7 1 
P04264 Keratin, type II cytoskeletal 1  2 3 9 9 2 3 2 
B6T3J5 Cluster of VGPW2523  3 3 4 7 5 7 0 
C5Z4S4 Cluster of Acyl-coenzyme A oxidase  1 2 15 3 3 0 4 
B6TXC2 Cluster of Isopenicillin N epimerase  2 4 8 6 6 3 0 
B6U772 Cluster of LSM7-like  3 2 8 5 6 4 1 
B4FFL1 Ubiquitin-like protein 5  3 5 4 7 5 5 2 
C5YDE5 Cluster of Oleosin  4 3 2 10 3 8 0 
B4FT54 Cluster of DnaJ subfamily B member 5  2 3 6 7 6 6 0 
B6TGM9 Cluster of Cysteine protease 1  2 3 14 3 4 1 4 
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B4F9T4 Cluster of Uncharacterized protein  0 1 1 17 4 7 0 
B4FEG8 Cluster of Nucleic acid binding protein  3 6 7 7 3 5 1 
B4FYX5 Cluster of Uncharacterized protein  1 1 16 3 6 3 1 
B6TFV4 Glycoprotein  3 4 4 6 6 8 0 
K7U1P1 Cluster of Uncharacterized protein  2 3 12 6 4 2 2 
B4G1A6 Cluster of Co-chaperone protein SBA1  5 4 5 4 5 4 5 
B6T8U7 Chaperonin  3 3 7 7 4 2 4 
B6TZ42 Cluster of Alpha-taxilin  2 5 6 6 5 7 0 
B6T191 Cluster of Uncharacterized protein  5 7 1 7 7 6 0 
B6T6P7 UBA and UBX domain-containing protein  3 5 5 8 6 5 1 
B6U1T9 Cluster of 2-hydroxyphytanoyl-CoA lyase  2 4 8 7 7 5 0 
B4FFP6 Cluster of Transcription factor BTF3  2 3 9 8 4 6 1 
C0HEB9 Uncharacterized protein  3 3 8 6 6 6 1 
B8A0J1 Cluster of Uncharacterized protein  1 4 13 5 4 5 0 
B4FK90 Brain protein 16  2 3 10 7 5 6 1 
B6TN77 Cluster of Dehydrin COR410  3 6 6 7 5 8 2 
C0PHP8 Cluster of Agmatine deiminase  3 6 6 7 6 8 0 
B4FH20 Cluster of Uncharacterized protein  5 5 7 6 5 8 1 
B6TDH3 Cluster of Uncharacterized protein  5 4 8 11 4 8 0 
P12365 Cluster of Catalase isozyme 2  1 5 20 4 4 4 3 
B6TFL8 Cluster of Uricase  2 4 9 10 7 8 1 
B4FQH9 Uncharacterized protein  2 4 11 12 6 7 0 
B4FFV2 Cluster of Uncharacterized protein  4 6 9 8 6 7 3 
C0PP27 Uncharacterized protein  2 6 14 7 10 5 0 
K7VKP3 Putative SAP DNA-binding domain family protein isoform 1  4 6 7 10 8 8 1 
K7V786 Cluster of Uncharacterized protein  3 5 10 7 8 10 3 
B6TJH7 Pyridoxal kinase  3 7 13 13 7 7 0 
B8A0V4 Cluster of Beta-galactosidase  1 3 26 8 7 2 1 
B6TIF7 Cluster of Glucan endo-1,3-beta-glucosidase A6  3 6 18 12 5 5 2 
K7UA86 Cluster of Uncharacterized protein  3 4 13 14 9 9 0 
B6THD2 Cluster of Glucan endo-1,3-beta-glucosidase  2 7 14 13 9 8 1 
K7V245 Cluster of Uncharacterized protein  3 2 4 25 8 12 4 
Q8LK06 Cluster of Methyl binding domain protein MBD109  7 9 9 14 7 14 0 
B6SGV9 Cluster of Lactoylglutathione lyase  4 10 15 11 11 14 0 
B4FL49 Cluster of Transcription factor BTF3  4 8 20 16 11 9 4 
B6SIP3 Cluster of Putative uncharacterized protein  0 0 34 0 0 2 42 
B6TIK3 Cluster of Stress protein  4 6 11 18 13 26 0 
K7UT72 Cluster of Catalase  4 12 25 16 9 16 4 
P24632 Cluster of 17.8 kDa class II heat shock protein  2 20 53 13 7 3 2 
Q6T5M1 Mutant 19 kDa S15P alpha-zein  0 0 65 0 0 30 78 
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Supplemental Table 2. Top significant proteins for lysine content analysis for o2, fl2 
and o1, compared to WT.  
Top1 Up2 in o2 Description p value3 log2FC3 
Lys 
content4 
1 B4F9K4 Cluster of Uncharacterized protein  2.63E-09 -2.26 7.27% 
2 P24632 Cluster of 17.8 kDa class II heat shock protein  3.12E-09 -3.19 6.71% 
3 O81638 Pullulanase-type starch debranching enzyme  9.07E-09 -2.45 3.43% 
4 B4G1G1 Cluster of Desiccation-related protein PCC13-62  1.58E-08 -2.27 1.24% 
5 C0PE24 Cluster of Triosephosphate isomerase  3.42E-08 -0.93 6.72% 
6 B6SMX5 Low-molecular-weight cysteine-rich protein LCR70  5.27E-08 -2.12 7.06% 
7 B6UI10 Senescence-associated protein DIN1  5.55E-08 -1.67 5.26% 
8 B4FAL9 Cluster of Fructose-bisphosphate aldolase  9.88E-06 -0.64 8.45% 
9 B4FT23 Cluster of 14-3-3-like protein  1.05E-05 -0.75 7.54% 
10 C5XX52 Cluster of Putative uncharacterized protein Sb04g025120  1.17E-05 -1.24 8.31% 
11 C0HHC4 Cluster of Uncharacterized protein  7.31E-05 -1.03 6.71% 
12 B4FZU8 Cluster of Malate dehydrogenase  9.37E-05 -0.81 7.35% 
13 B8A3D0 Cluster of Uncharacterized protein  1.12E-04 -0.91 8.20% 
14 K7W3D2 Cluster of Uncharacterized protein  1.16E-04 -1.97 6.90% 
15 C0PHR4 Cluster of Adenosylhomocysteinase  1.69E-04 -1.25 7.63% 
16 B4FE30 Cluster of Chaperonin  2.10E-04 -1.46 10.20% 
17 B6UFB3 Cluster of Stromal 70 kDa heat shock-related protein  3.80E-04 -0.64 7.40% 
18 C5Z2J6 Cluster of Catalase  4.09E-04 -1.06 4.88% 
19 P49105 Glucose-6-phosphate isomerase, cytosolic  4.40E-04 -0.95 6.53% 
20 B6TNF1 Cluster of Calnexin  5.42E-04 -1.03 11.61% 
21 C0PM74 Cluster of Uncharacterized protein  5.49E-04 -0.92 9.54% 
22 B6TLW2 Cluster of Nucleoside diphosphate kinase 2  6.34E-04 -1.95 5.86% 
23 K7UT72 Cluster of Catalase  6.79E-04 -1.85 3.69% 
24 B6TTW1 Cyanate hydratase  7.04E-04 -1.76 4.31% 
25 B6SXF5 Cluster of Pathogenesis-related protein 1  7.34E-04 -1.28 6.88% 
26 B4FNT1 Cluster of Elongation factor 1-delta 1  7.71E-04 -0.77 7.86% 
27 B6SHW9 Cluster of Ubiquitin fusion protein  8.13E-04 -0.82 13.18% 
28 B4FQQ1 Cluster of Uncharacterized protein  1.33E-03 -1.29 5.03% 
29 B6T6H3 
Cluster of Pyruvate dehydrogenase E1 component 
subunit beta  1.56E-03 -1.22 3.74% 
30 B6TEC1 Cluster of Sorbitol dehydrogenase  1.60E-03 -0.79 4.11% 
Top1 
Down2 in 
o2 Description p value3 log2FC3 
Lys 
content4 
1 P25892 Cluster of Ribosome-inactivating protein 9  2.23E-19 2.68 8.22% 
2 B6TIK6 Cluster of Sarcosine oxidase  4.02E-11 2.66 3.13% 
3 P04698 Cluster of Zein-alpha PZ22.3  2.99E-10 2.82 0.37% 
4 B6SIX6 Cluster of Prolamin PPROL 17  6.02E-09 3.80 0.56% 
5 B6SJ53 Cluster of Putative uncharacterized protein  3.00E-07 3.26 0.38% 
6 K7U1S1 
Lysine-ketoglutarate reductase/saccharopine 
dehydrogenase1  9.15E-07 3.26 5.61% 
7 B6SS31 Cluster of Putative uncharacterized protein  3.78E-06 2.48 5.93% 
8 B6SI09 Aquaporin TIP3.1  5.57E-06 1.97 1.12% 
9 C0PDX9 Cluster of Uncharacterized protein  3.59E-05 3.19 1.54% 
10 C5YT60 Cluster of Putative uncharacterized protein Sb08g005050  4.47E-05 2.58 5.68% 
11 B6TGG7 Cluster of 3-oxoacyl-[acyl-carrier-protein] synthase  6.66E-05 2.07 5.21% 
12 C5YD68 Cluster of Putative uncharacterized protein Sb06g003090  1.17E-04 1.73 5.20% 
13 K7URE0 Cluster of Uncharacterized protein  1.44E-04 1.23 5.65% 
14 B6SVS6 Cluster of Asparaginyl-tRNA synthetase, cytoplasmic 3  2.19E-04 2.36 6.95% 
15 C5YHH1 Cluster of Putative uncharacterized protein Sb07g004420  2.65E-04 1.83 7.95% 
16 Q8W2B7 Cluster of DIMBOA UDP-glucosyltransferase BX8  3.66E-04 1.30 1.96% 
17 Q6XZ79 Cluster of Fructokinase-1  3.95E-04 2.14 4.95% 
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18 C5WTM9 Cluster of UDP-glucose 6-dehydrogenase  4.02E-04 1.34 8.13% 
19 B6EBQ1 Cluster of Indole-3-acetic acid amido synthetase  5.45E-04 2.14 3.26% 
20 B6T9C0 
Cluster of Putative ATPase, V1 complex, subunit B 
protein isoform 1  5.76E-04 1.20 4.11% 
21 B6SS48 Outer mitochondrial membrane protein porin  6.11E-04 2.58 10.18% 
22 P33627 Cluster of Tubulin alpha-6 chain  6.37E-04 0.87 4.00% 
23 C5XJ13 Cluster of Putative uncharacterized protein Sb03g033590  6.85E-04 2.45 4.15% 
24 B4FA16 Cluster of Branched-chain-amino-acid aminotransferase  6.93E-04 2.56 6.27% 
25 K7VKI2 Cluster of Uncharacterized protein  7.69E-04 1.97 8.85% 
26 C5XHX1 Cluster of Putative uncharacterized protein Sb03g045970  8.62E-04 2.65 8.04% 
27 C5XPG8 Cluster of Putative uncharacterized protein Sb03g026350  1.14E-03 2.59 7.27% 
28 B4FSJ2 Cluster of Elongation factor Tu  1.36E-03 1.57 6.67% 
29 B6TWW1 Cluster of Aspartate-semialdehyde dehydrogenase  1.40E-03 2.06 4.00% 
30 Q94G64 Cluster of T-cytoplasm male sterility restorer factor 2  1.57E-03 1.48 5.65% 
Top1 Up2 in fl2 Description p value3 log2FC3 
Lys 
content4 
1 Q5EUD5 Cluster of Protein disulfide isomerase  4.24E-21 -2.26 8.66% 
2 B6TNF1 Cluster of Calnexin  5.01E-19 -2.40 11.61% 
3 P24067 Cluster of Luminal-binding protein 2  1.73E-16 -1.42 9.35% 
4 B6UGM2 Cluster of Putative uncharacterized protein  1.45E-12 -2.99 0.43% 
5 K7W3D2 Cluster of Uncharacterized protein  1.39E-10 -2.88 6.90% 
6 B4F845 Uncharacterized protein  5.95E-10 -3.35 13.86% 
7 B6U8P6 Cluster of ABA-responsive protein  1.02E-09 -2.59 5.88% 
8 C0P8J4 Cluster of Uncharacterized protein  1.22E-09 -5.06 2.88% 
9 C0P3N5 Cluster of Uncharacterized protein  1.63E-08 -1.59 0.69% 
10 B4F9T4 Cluster of Uncharacterized protein  3.71E-08 -4.39 6.20% 
11 B8A0J2 Cluster of Uncharacterized protein  6.19E-08 -2.80 8.25% 
12 C0PK05 Cluster of Putative glyoxalase family protein  7.35E-08 -1.37 9.31% 
13 B4FT23 Cluster of 14-3-3-like protein  1.81E-07 -0.76 7.54% 
14 A5A5E7 Cluster of Protein disulfide isomerase  1.13E-05 -0.63 9.36% 
15 Q43712 Cluster of Calcium-binding protein  1.53E-05 -1.26 12.83% 
16 K7VYL0 Phospholipase D  2.24E-05 -3.58 3.58% 
17 B4G218 Uncharacterized protein  3.07E-05 -2.29 1.42% 
18 B6TTW1 Cyanate hydratase  3.82E-05 -2.14 4.31% 
19 C6JS69 
Cluster of Putative uncharacterized protein 
Sb0088s002010  3.83E-05 -3.75 7.85% 
20 K7U1M0 Uncharacterized protein  4.06E-05 -2.44 3.18% 
21 B6T8E4 Embryonic abundant protein 1  4.74E-05 -2.14 5.31% 
22 B6TFN1 Cluster of Minor allergen Alt a 7  4.90E-05 -1.49 6.90% 
23 B6THD2 Cluster of Glucan endo-1,3-beta-glucosidase  7.26E-05 -2.36 3.03% 
24 P49105 Glucose-6-phosphate isomerase, cytosolic  7.84E-05 -1.00 6.53% 
25 B6TIK3 Cluster of Stress protein  1.00E-04 -2.18 3.54% 
26 C4J4W3 Cluster of Uncharacterized protein  1.04E-04 -0.99 9.81% 
27 B6SVI7 Cluster of Transcription factor BTF3  1.09E-04 -1.57 10.65% 
28 B4FQH3 Cluster of PP2A regulatory subunit TAP46  1.21E-04 -2.66 6.86% 
29 K7UT72 Cluster of Catalase  1.21E-04 -1.96 3.69% 
30 B4FZU8 Cluster of Malate dehydrogenase  1.29E-04 -0.79 7.35% 
Top1 
Down2 in 
fl2 Description p value3 log2FC3 
Lys 
content4 
1 B6TIK6 Cluster of Sarcosine oxidase  1.71E-15 5.69 3.13% 
2 B6U297 Cluster of Lipoxygenase  5.02E-13 3.49 5.50% 
3 Q946V2 Cluster of Legumin 1  5.14E-12 1.48 2.48% 
4 Q09HU3 Cluster of Trypsin inhibitor (Fragment)  7.18E-11 2.45 1.57% 
5 B8A1R8 Cluster of Uncharacterized protein  2.27E-10 1.62 6.54% 
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6 Q947C0 Cluster of Glucose-1-phosphate adenylyltransferase  2.78E-10 1.26 6.32% 
7 J7H390 Cluster of Glucose-1-phosphate adenylyltransferase  5.73E-09 1.45 5.81% 
8 B4G0F2 Cluster of Uncharacterized protein  1.31E-08 2.71 3.62% 
9 C5YD68 Cluster of Putative uncharacterized protein Sb06g003090  1.33E-08 3.04 5.20% 
10 C5Y2Y8 
Cluster of Putative uncharacterized protein Sb05g000445 
(Fragment)  4.11E-08 2.69 5.19% 
11 C5XTD4 Cluster of Putative uncharacterized protein Sb04g021540  4.50E-08 1.57 4.23% 
12 B6THR6 Cluster of L-allo-threonine aldolase  1.20E-07 4.57 6.49% 
13 K7VCJ9 Cluster of Uncharacterized protein  1.29E-07 1.96 5.59% 
14 C5WNU9 Cluster of Lipoxygenase  1.66E-07 2.01 5.31% 
15 C5YHH1 Cluster of Putative uncharacterized protein Sb07g004420  3.14E-07 3.04 7.95% 
16 K7UB20 Cluster of Uncharacterized protein  3.28E-07 1.80 6.47% 
17 P33627 Cluster of Tubulin alpha-6 chain  4.08E-07 1.08 4.00% 
18 B6U0S1 Cluster of Elongation factor 2  5.06E-07 1.37 7.35% 
19 K7U1S1 
Lysine-ketoglutarate reductase/saccharopine 
dehydrogenase1  5.33E-07 3.26 5.61% 
20 Q43706 Cluster of Sucrose synthase  6.57E-07 1.40 5.15% 
21 K7URE0 Cluster of Uncharacterized protein  8.48E-07 1.26 5.65% 
22 C5XTA6 Cluster of Putative uncharacterized protein Sb04g021280  1.47E-06 1.74 6.69% 
23 B6TA00 Cluster of L-allo-threonine aldolase  1.48E-06 4.24 5.84% 
24 C0LNQ9 UDP-glucosyltransferase  1.48E-06 1.61 2.34% 
25 Q93WS3 Cluster of Sucrose synthase (Fragment)  1.60E-06 2.36 5.03% 
26 C4IYE1 Cluster of Uncharacterized protein  1.74E-06 2.15 6.56% 
27 K7VF45 Cluster of Uncharacterized protein  2.37E-06 4.20 7.17% 
28 C5YET5 Cluster of Putative uncharacterized protein Sb06g013930  2.83E-06 2.20 4.68% 
29 B6SXV4 
Cluster of Peroxisomal fatty acid beta-oxidation 
multifunctional protein  2.84E-06 2.34 7.15% 
30 K7VKI2 Cluster of Uncharacterized protein  2.90E-06 2.88 8.85% 
Top1 Up2 in o1 Description p value3 log2FC3 
Lys 
content4 
1 Q6T5M1 Mutant 19 kDa S15P alpha-zein  6.06E-31 -5.85 0.42% 
2 B4FLB0 Cluster of Uncharacterized protein  1.78E-28 -3.16 7.91% 
3 B6SJ53 Cluster of Putative uncharacterized protein  7.61E-23 -2.14 0.38% 
4 B6SIP3 Cluster of Putative uncharacterized protein  2.65E-21 -5.04 0.41% 
5 B4G0K4 Cluster of Phosphoglycerate kinase  9.67E-13 -0.91 10.20% 
6 C0HF77 Cluster of Uncharacterized protein  3.02E-10 -2.18 3.86% 
7 P06677 Cluster of Zein-alpha 19C2  8.13E-10 -1.38 0.42% 
8 C0PDB0 Cluster of Uncharacterized protein  4.57E-08 -1.46 7.79% 
9 B4FB06 Cluster of Uncharacterized protein  9.05E-08 -2.88 3.19% 
10 B4FQM2 
Cluster of Pyrophosphate--fructose 6-phosphate 1-
phosphotransferase beta subunit  4.45E-07 -0.77 6.21% 
11 C5XX52 Cluster of Putative uncharacterized protein Sb04g025120  2.04E-06 -0.73 8.31% 
12 B4FBD6 Ribonuclease 3  4.00E-06 -2.82 3.49% 
13 A5A5E7 Cluster of Protein disulfide isomerase  6.95E-06 -0.52 9.36% 
14 K7TIN2 Cluster of Glycine cleavage complex P-protein  2.11E-05 -2.13 3.65% 
15 J7H390 Cluster of Glucose-1-phosphate adenylyltransferase  3.15E-05 -0.59 5.81% 
16 P24067 Cluster of Luminal-binding protein 2  4.20E-05 -0.62 9.35% 
17 B4F832 Cluster of Uncharacterized protein  4.56E-05 -0.52 6.86% 
18 K7W3D2 Cluster of Uncharacterized protein  5.88E-05 -1.70 6.90% 
19 B6UFB3 Cluster of Stromal 70 kDa heat shock-related protein  8.74E-05 -0.57 7.40% 
20 Q43264 Cluster of Alcohol dehydrogenase 1  2.09E-04 -0.59 6.86% 
21 B6SJS8 Flower-specific gamma-thionin  2.39E-04 -1.27 5.13% 
22 Q5EUD5 Cluster of Protein disulfide isomerase  2.88E-04 -0.92 8.66% 
23 B6UAQ7 
Cluster of Pectinesterase inhibitor domain containing 
protein  2.89E-04 -1.18 3.35% 
??
?
159 
24 C5Y9I0 Cluster of Putative uncharacterized protein Sb06g031240  4.98E-04 -1.22 6.20% 
25 C5Z7D7 Cluster of Putative uncharacterized protein Sb10g008200  5.09E-04 -1.56 3.80% 
26 Q41740 Cluster of 1,4-alpha-glucan branching enzyme  5.38E-04 -1.42 6.32% 
27 C5Y1X4 Cluster of Putative uncharacterized protein Sb05g009350  6.47E-04 -0.72 6.86% 
28 B6TMJ8 Cluster of GDP-L-fucose synthase 1  8.72E-04 -2.05 5.79% 
29 C5Y4G6 Cluster of Putative uncharacterized protein Sb05g002540  1.17E-03 -0.59 4.84% 
30 B7ZYR6 Cluster of Uncharacterized protein  1.25E-03 -0.72 4.85% 
Top1 
Down2 in 
o1 Description p value3 log2FC3 
Lys 
content4 
1 B6SLF6 Cluster of Antimicrobial peptide MBP-1  1.42E-17 3.31 4.33% 
2 B6U297 Cluster of Lipoxygenase  1.47E-14 2.73 5.50% 
3 P25892 Cluster of Ribosome-inactivating protein 9  1.87E-12 1.23 8.22% 
4 B6SKP5 Cluster of Osmotin-like protein  1.64E-11 2.68 2.82% 
5 B6SLG2 
Bowman-Birk type wound-induced proteinase inhibitor 
WIP1  5.46E-10 3.61 10.34% 
6 K7TV56 Cluster of Carbonyl reductase 1  1.42E-07 1.53 5.21% 
7 B7ZY87 Cluster of Uncharacterized protein  1.47E-07 3.03 4.01% 
8 C0P451 Cluster of Endochitinase B  8.82E-07 1.83 3.56% 
9 C4J9S6 Cluster of Uncharacterized protein  1.57E-06 2.91 6.53% 
10 B4F8P4 Cluster of Anthranilate synthase component I-1  2.87E-06 1.77 5.46% 
11 C0HHP4 Cluster of Uncharacterized protein  3.11E-06 2.84 2.58% 
12 B6TW83 Cluster of Glucan endo-1,3-beta-glucosidase 6  4.14E-06 2.81 4.26% 
13 K7VM99 Uncharacterized protein  6.47E-06 2.07 7.91% 
14 B6SI41 Leucoanthocyanidin dioxygenase  9.30E-06 2.71 4.84% 
15 B4FFB8 5a2 protein  9.39E-06 1.03 9.91% 
16 B7ZZY5 Uncharacterized protein  1.04E-05 2.53 5.30% 
17 B6U0W2 Cluster of Beta-galactosidase  1.32E-05 2.29 4.27% 
18 B6THR6 Cluster of L-allo-threonine aldolase  1.82E-05 2.14 6.49% 
19 B6UI06 Cluster of Late embryogenesis abundant protein, group 3  2.10E-05 2.61 8.23% 
20 K7VXF0 Cluster of Uncharacterized protein  2.40E-05 2.60 4.49% 
21 B6TNP4 Cluster of Histone H1  3.06E-05 1.78 25.27% 
22 B4F8M8 Cluster of Uncharacterized protein  3.89E-05 2.16 5.31% 
23 B6SWA1 Dek protein  4.54E-05 2.52 15.29% 
24 Q41739 Cluster of Thiamine thiazole synthase 2, chloroplastic  4.74E-05 2.36 3.11% 
25 B6U4I4 Cluster of Microtubule-associated protein MAP65-1a  5.00E-05 2.44 7.71% 
26 B8A2X5 Cluster of Pectinesterase  7.32E-05 1.97 3.73% 
27 B6SID7 Cluster of Late embryogenesis abundant protein, group 3  9.97E-05 2.42 14.29% 
28 B6TSP3 
Cluster of Putative Zinc finger C-x8-C-x5-C-x3-H type 
family protein  1.48E-04 2.36 7.59% 
29 B6T9P4 Cluster of Inositol-3-phosphate synthase  1.53E-04 1.48 6.47% 
30 B6SGT3 Xylanase inhibitor protein 1  1.66E-04 2.34 2.60% 
Note: 1, top proteins have been ordered based on p value. 2, the up-regulated and down-regulated proteins in one 
genotye are labeld as "Up" and "Down", respectively, compared to WT. 3, p value and log2FC (log2 fold change) are 
achieved by doing pairwise comparison between one genotype and WT in DESeq2. 4, Lys content of each protein is 
calculated based on the downloaded protein sequences from the Uniprot database. 
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Supplemental Table 3:  ISA unique protein enrichments for each genotype. 
   
 
UniProt 
ID  Annotated Protein Name r.g stat P-Value 
WT 
Unique 
#sps.  73  
B6SNZ1 Chemocyanin  0.941 0.001 
B6U832 GTP binding protein  0.937 0.001 
B6SGT3 Xylanase inhibitor protein 1  0.903 0.001 
B6U297 Cluster of Lipoxygenase  0.902 0.001 
C6JS55 Cluster of Putative uncharacterized protein Sb0067s002240  0.885 0.001 
C5YPB6 Cluster of Putative uncharacterized protein Sb08g016970  0.877 0.001 
C0P9I5 Uncharacterized protein  0.876 0.001 
B4F8P4 Cluster of Anthranilate synthase component I-1  0.852 0.001 
C0HHP4 Cluster of Uncharacterized protein  0.851 0.001 
B6EBQ1 Cluster of Indole-3-acetic acid amido synthetase  0.845 0.001 
B6THR6 Cluster of L-allo-threonine aldolase  0.84 0.001 
B6UGY2 Cluster of MFT2-Corn MFT-like protein  0.831 0.001 
B6TZD1 Methylthioribose-1-phosphate isomerase  0.816 0.001 
B6U3A0 Cluster of Glycine-rich RNA-binding protein 7  0.81 0.001 
B6UFM0 Cluster of PH domain containing protein  0.806 0.002 
B6SKP5 Cluster of Osmotin-like protein  0.804 0.001 
B4FR99 Uncharacterized protein  0.803 0.002 
B6SLG2 Bowman-Birk type wound-induced proteinase inhibitor WIP1  0.797 0.002 
C5Y5P5 Cluster of Putative uncharacterized protein Sb05g004500  0.787 0.001 
B5AMJ8 Phosphorylase  0.783 0.002 
B6UCS5 Cluster of Hydroxyacid oxidase 1  0.783 0.001 
B6SP63 Cold shock protein-1  0.779 0.005 
K7TYC6 Uncharacterized protein  0.779 0.013 
B4F7S2 Jasmonate-induced protein  0.773 0.001 
B4G0U5 Cluster of Glycoside hydrolase- family 28  0.766 0.009 
B6TGN6 Cluster of 3-dehydroquinate synthase  0.764 0.003 
B7ZY34 Uncharacterized protein  0.743 0.007 
C4IZH9 Uncharacterized protein  0.742 0.017 
B6UER7 Cluster of DNA-binding protein  0.742 0.018 
B4FDK9 Uncharacterized protein  0.741 0.013 
B4FJY6 Cluster of Uncharacterized protein  0.741 0.012 
B6T484 Cluster of MPK4-putative MAPK  0.739 0.002 
K7VXF0 Cluster of Uncharacterized protein  0.735 0.003 
B8A362 Cluster of Uncharacterized protein  0.729 0.001 
Q84Y01 Inositol-tetrakisphosphate 1-kinase 1  0.728 0.008 
E9NQE2 Cluster of Malic enzyme  0.726 0.003 
K4N2V3 Cluster of Mutant Yuc1 protein  0.722 0.002 
B4FMA9 Cluster of Uncharacterized protein  0.721 0.001 
B6TDB7 Cluster of COP9 signalosome complex subunit 3  0.718 0.012 
B6UAU8 Cluster of O-succinylhomoserine sulfhydrylase  0.713 0.001 
B6TZC0 Cluster of Nicotianamine synthase 3  0.71 0.026 
B7ZZ71 Cluster of Uncharacterized protein  0.71 0.039 
Q5I285 Cluster of Minichromosome maintenance protein  0.708 0.019 
B4FY63 Cluster of Annexin  0.702 0.013 
B6TDD0 Cluster of Polygalacturonase inhibitor 1  0.701 0.008 
C0P4W8 Cluster of Uncharacterized protein  0.696 0.009 
Q1KK82 NADH dehydrogenase subunit 7  0.695 0.005 
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C0P294 Cluster of Uncharacterized protein  0.69 0.029 
B4FQE0 Ribose-phosphate pyrophosphokinase  0.688 0.024 
B6SJK9 Jasmonate-induced protein  0.686 0.008 
C0PFQ6 Uncharacterized protein  0.678 0.025 
B4G1P1 Cluster of Glutamine synthetase  0.675 0.017 
B4FLP7 Uncharacterized protein  0.672 0.017 
B4FH75 Dihydrodipicolinate reductase  0.671 0.012 
B4FAS1 Uncharacterized protein  0.668 0.039 
B4FD65 Cluster of Delta3-5-delta2-4-dienoyl-CoA isomerase  0.668 0.041 
B4FF28 Cluster of Uncharacterized protein  0.668 0.033 
B6SKB7 Cluster of Methylcrotonoyl-CoA carboxylase subunit alpha  0.666 0.035 
K7UTD0 Cluster of Uridine kinase  0.665 0.026 
B6TN48 3-hydroxyisobutyryl-CoA hydrolase/ catalytic  0.664 0.022 
B6T1J1 PHD finger-like domain-containing protein 5A  0.655 0.046 
C4J4E4 Uncharacterized protein  0.653 0.008 
K7VNZ6 Uncharacterized protein  0.652 0.015 
C5YVE3 Cluster of Putative uncharacterized protein Sb09g027960  0.651 0.006 
C5XFV2 Cluster of Putative uncharacterized protein Sb03g009870  0.65 0.016 
B6TL18 Putative uncharacterized protein  0.642 0.016 
K7USN8 Cluster of Uncharacterized protein  0.633 0.03 
K7W9A6 Uncharacterized protein  0.631 0.038 
B6TD54 Cluster of ATP-citrate synthase  0.622 0.027 
B6TC70 Acid phosphatase  0.621 0.026 
C5XZS6 Cluster of Putative uncharacterized protein Sb04g029510  0.619 0.041 
K7URA3 
Cluster of Putative aminotransferase class III superfamily 
protein  0.608 0.029 
B6TAT4 Cluster of 60S ribosomal protein L36  0.608 0.026 
fl2 Unique 
#sps.  65  
C0P8J4 Cluster of Uncharacterized protein  0.96 0.001 
B8A0J2 Cluster of Uncharacterized protein  0.946 0.001 
B4FSH6 Cluster of Uncharacterized protein  0.88 0.002 
B6T8E4 Embryonic abundant protein 1  0.869 0.001 
B4FZ01 Uncharacterized protein  0.836 0.006 
B4FQJ5 Cluster of Uncharacterized protein  0.832 0.003 
B4F8F8 Cluster of Alpha-6-galactosyltransferase- mRNA isoform 1  0.82 0.001 
B6TIC7 Uncharacterized protein  0.813 0.015 
C0PCB7 Uncharacterized protein  0.813 0.012 
B4FQ71 Cluster of Uncharacterized protein  0.807 0.001 
B6T1V9 Putative uncharacterized protein  0.802 0.004 
K7V245 Cluster of Uncharacterized protein  0.801 0.001 
K7VYL0 Phospholipase D  0.797 0.001 
B6UHX3 Embryonic protein DC-8  0.776 0.004 
C5XNN1 Cluster of Putative uncharacterized protein Sb03g025470  0.772 0.001 
B6SLF6 Cluster of Antimicrobial peptide MBP-1  0.771 0.004 
C0P9J5 Uncharacterized protein  0.769 0.001 
B4F9T4 Cluster of Uncharacterized protein  0.768 0.002 
B6TN36 Cluster of 5S rRNA binding protein  0.765 0.006 
Q7XBD9 Putative gag-pol  0.765 0.009 
O24595 Cluster of Glutathione transferase  0.759 0.002 
B6UGA4 Mitochondrial import inner membrane translocase subunit  0.757 0.001 
B6T7J1 Cluster of Uncharacterized protein  0.742 0.003 
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B4FGW7 Cluster of Indole-3-glycerol phosphate lyase  0.731 0.004 
B4FHZ4 Cluster of NADH ubiquinone oxidoreductase B14 subunit  0.729 0.005 
B6UF27 Cluster of Integrin beta-1-binding protein 2  0.729 0.008 
A2SZW8 Cluster of 1-Cys peroxiredoxin PER1  0.725 0.005 
C0HDZ7 Uncharacterized protein  0.725 0.02 
B4F7S5 Uncharacterized protein  0.723 0.003 
B6SZS0 Exodeoxyribonuclease V  0.718 0.016 
B6TU01 Cluster of Uncharacterized protein  0.712 0.006 
B4FQH3 Cluster of PP2A regulatory subunit TAP46  0.707 0.007 
K7U4H8 Uncharacterized protein  0.702 0.007 
B6TSC0 
Cluster of 2-C-methyl-D-erythritol 2-4-cyclodiphosphate 
synthase  0.7 0.023 
B6TVM7 
Cluster of 4-methyl-5-thiazole monophosphate biosynthesis 
protein  0.7 0.005 
B4FPQ2 Cluster of Dihydroneopterin aldolase  0.696 0.005 
B4FSB7 Uncharacterized protein  0.695 0.016 
C4J0U7 Cluster of Uncharacterized protein  0.692 0.011 
B6TVP8 Cluster of Stromal cell-derived factor 2  0.691 0.006 
B6TQ47 Cluster of Ferrochelatase  0.691 0.017 
C4J118 Cluster of Uncharacterized protein  0.691 0.003 
B6TZE8 
Cluster of Pinin/SDK/memA/ protein conserved region 
containing protein  0.684 0.011 
B6U6D8 Cluster of Putative uncharacterized protein  0.683 0.01 
B6STW7 39S ribosomal protein L47  0.678 0.032 
B4FWN3 Cluster of Uncharacterized protein  0.678 0.03 
B6TWF2 Cluster of Charged multivesicular body protein 2a  0.676 0.012 
B7ZY23 Cluster of Uncharacterized protein  0.676 0.017 
C0P5I3 Uncharacterized protein  0.675 0.023 
C0P4D6 Cluster of Uncharacterized protein  0.674 0.002 
C0PDM6 Cluster of Uncharacterized protein  0.672 0.011 
K7VM99 Uncharacterized protein  0.671 0.005 
C5XWJ7 Cluster of Putative uncharacterized protein Sb04g024840  0.669 0.009 
B8A3K0 Cluster of Uncharacterized protein  0.665 0.012 
B4FXV1 Uncharacterized protein  0.664 0.022 
K7ULB4 Cluster of Uncharacterized protein  0.664 0.008 
B6TXZ0 Cluster of Calcineurin B-like protein  0.657 0.031 
B4FS59 Uncharacterized protein  0.657 0.019 
B6SXH1 Putative uncharacterized protein  0.657 0.014 
B6TZG5 Fasciclin-like arabinogalactan protein 10  0.633 0.014 
B6SI42 Cluster of Oleosin  0.622 0.024 
B6TJ17 Putative uncharacterized protein  0.62 0.041 
B6U0U2 Cluster of Uncharacterized protein  0.62 0.034 
B6TK69 Cluster of Peroxin Pex14  0.616 0.024 
B4FL42 Cluster of Uncharacterized protein  0.614 0.035 
B4FEY9 Cluster of Acyl-CoA-binding domain-containing protein 6  0.614 0.05 
 o2 
Unique  
#sps.  7  
B6U898 Disease resistance response protein 206  0.934 0.001 
B4G1G1 Cluster of Desiccation-related protein PCC13-62  0.863 0.001 
B6SMX5 Low-molecular-weight cysteine-rich protein LCR70  0.832 0.001 
B6UI10 Senescence-associated protein DIN1  0.775 0.001 
B4G1D7 Uncharacterized protein  0.728 0.008 
B6UAV0 Alpha-L-fucosidase 2  0.688 0.034 
??
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C0PD02 Cluster of Aldose 1-epimerase  0.667 0.034 
Mc 
Unique  
#sps.  4  
Q00LN5 Cluster of Mucronate mutant 16 kDa gamma zein  0.947 0.001 
B4FBI1 Uncharacterized protein  0.756 0.004 
B4FL38 Phosphatase  0.708 0.026 
C0HEE6 Cluster of Uncharacterized protein  0.612 0.017 
DeB30 
Unique  
#sps.  23  
C4J9S6 Cluster of Uncharacterized protein  0.957 0.002 
B4FIU0 Uncharacterized protein  0.888 0.003 
B6T3H1 Cluster of IN2-1 protein  0.808 0.002 
K7WGB2 TFIIB protein  0.795 0.012 
B6TB10 IN2-1 protein  0.789 0.002 
K7TV56 Cluster of Carbonyl reductase 1  0.765 0.002 
B4FBU2 Cluster of Uncharacterized protein  0.76 0.005 
K7WFR0 Cluster of Uncharacterized protein  0.748 0.002 
B6TAZ4 Cluster of Metallothionein-like protein type 2  0.728 0.013 
K7UGR2 Putative TCP-1/cpn60 chaperonin family protein isoform 1  0.716 0.004 
B6U9S6 Cluster of APx1-Cytosolic Ascorbate Peroxidase  0.715 0.004 
C5XKV8 Cluster of Putative uncharacterized protein Sb03g035420  0.708 0.004 
B6SMW8 TPR repeat region family protein  0.695 0.014 
B8A161 Cluster of Nucleosome/chromatin assembly factor group A  0.692 0.007 
B6TNP4 Cluster of Histone H1  0.683 0.008 
B4G1X4 Uncharacterized protein  0.668 0.032 
B6T3P9 Enolase  0.658 0.018 
B6T2N1 Cluster of Uncharacterized protein  0.657 0.015 
B6T790 DNA repair protein RAD23-1  0.638 0.029 
B6THA1 Cluster of Grx_C2.2-glutaredoxin subgroup I  0.622 0.029 
B4FCQ1 Uncharacterized protein  0.621 0.038 
P80639 Cluster of Eukaryotic translation initiation factor 5A  0.607 0.019 
B4FKK9 Cluster of Uncharacterized protein  0.604 0.037 
fl1 Unique  
#sps.  106  
K7TEL4 Cluster of Uncharacterized protein  0.982 0.001 
B4FRX0 Uncharacterized protein  0.971 0.001 
K7U1M0 Uncharacterized protein  0.963 0.001 
Q9SYS1 Beta-amylase  0.962 0.001 
B4F836 Cluster of Putative glyoxalase family protein  0.937 0.001 
C5YBZ6 Cluster of Putative uncharacterized protein Sb06g022280  0.93 0.001 
B4G218 Uncharacterized protein  0.928 0.001 
B4FYZ2 Beta-hexosaminidase  0.925 0.001 
C5Z4S4 Cluster of Acyl-coenzyme A oxidase  0.923 0.001 
B4FNT8 Uncharacterized protein  0.922 0.001 
B4FTP9 
Cluster of Putative HSP20-like chaperone domain family 
protein  0.919 0.001 
C0PJI6 Nudix type motif protein 22  0.915 0.001 
B6TK17 DREPP2 protein  0.912 0.001 
C0HF77 Cluster of Uncharacterized protein  0.911 0.001 
B7ZXZ8 Uncharacterized protein  0.887 0.004 
P12365 Cluster of Catalase isozyme 2  0.887 0.001 
K7VX68 Cluster of Uncharacterized protein  0.886 0.001 
B4FYX5 Cluster of Uncharacterized protein  0.878 0.001 
B8A324 Uncharacterized protein  0.875 0.001 
B8A0V4 Cluster of Beta-galactosidase  0.873 0.001 
B4FFU2 Cluster of Uncharacterized protein  0.871 0.002 
??
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B4FQ97 Cluster of Uncharacterized protein  0.87 0.001 
B4F8R5 Cluster of Uncharacterized protein  0.866 0.001 
B6TCE9 Cluster of Peptidyl-prolyl cis-trans isomerase  0.865 0.001 
K7UUR4 
Cluster of Putative acetylornithine/succinylornithine 
aminotransferase family protein  0.864 0.001 
B4FRC6 Cluster of Uncharacterized protein  0.858 0.001 
C0PE24 Cluster of Triosephosphate isomerase  0.853 0.001 
B6SRR5 Heparanase-like protein 2  0.842 0.002 
B4FJE0 Cluster of Uncharacterized protein  0.836 0.001 
C5XR05 Cluster of Putative uncharacterized protein Sb03g027790  0.836 0.002 
B4F848 Chaperonin  0.834 0.001 
P24632 Cluster of 17.8 kDa class II heat shock protein  0.833 0.001 
B6T7U2 Cluster of Aspartate carbamoyltransferase 1  0.83 0.001 
K7U917 Uncharacterized protein  0.827 0.003 
C0P3Z4 Cluster of Uncharacterized protein  0.825 0.003 
C0PHF3 Cluster of Uncharacterized protein  0.825 0.002 
G9I6E1 Cluster of Acyl activating enzyme  0.825 0.001 
B6TGM9 Cluster of Cysteine protease 1  0.823 0.002 
B8A1C7 Uncharacterized protein  0.821 0.002 
B6U6Z4 Dihydroorotase  0.821 0.002 
B4FSU4 Uncharacterized protein  0.815 0.002 
Q10717 Cysteine proteinase 2  0.812 0.001 
B6TD64 Cluster of Ferredoxin--NADP reductase  0.811 0.003 
C0HGM2 Putative subtilase family protein  0.809 0.003 
D9IZY9 Pathogenesis-related protein 5  0.809 0.003 
B4G043 Uncharacterized protein  0.807 0.002 
C0P617 Uncharacterized protein  0.805 0.002 
Q41884 Zein  0.802 0.003 
K7TSU4 Cluster of Putative O-Glycosyl hydrolase superfamily protein  0.798 0.002 
K7U7K3 
Cluster of Putative STRUBBELIG family receptor protein 
kinase  0.795 0.011 
B8A0J1 Cluster of Uncharacterized protein  0.777 0.002 
B6UDX1 Subtilisin-like protease  0.773 0.003 
K7TMY3 Cluster of Uncharacterized protein  0.772 0.002 
B6T0C0 Heme-binding protein 2  0.772 0.001 
B6SMK8 Cluster of Inositol-1-monophosphatase  0.771 0.002 
B4FSW7 Cluster of Uncharacterized protein  0.765 0.01 
C4J9M7 Cluster of 2-cys peroxiredoxin BAS1  0.765 0.001 
B4G038 Cluster of Homoserine dehydrogenase  0.759 0.002 
B8A377 Cluster of Cysteine synthase  0.759 0.002 
B7ZY38 Uncharacterized protein  0.758 0.003 
C5YA50 Cluster of Putative uncharacterized protein Sb06g032470  0.758 0.002 
B4FMB1 Cluster of Uncharacterized protein  0.756 0.001 
C0HEW3 Uncharacterized protein  0.745 0.005 
B6T7E3 Long-chain-fatty-acid-CoA ligase-like protein  0.739 0.003 
B6THH7 Isoamyl acetate-hydrolyzing esterase  0.737 0.002 
B6U6W0 Cluster of Peroxidase 52  0.735 0.005 
Q41834 Nucleic acid-binding protein  0.735 0.002 
B6TKI9 Rae1-like protein  0.728 0.01 
B6THW6 Cluster of Huntingtin interacting protein K  0.727 0.005 
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K7U1P1 Cluster of Uncharacterized protein  0.725 0.004 
B6TID7 Putative uncharacterized protein  0.718 0.025 
B4FEN4 Cluster of Uncharacterized protein  0.718 0.012 
B6SWS9 Cluster of Purple acid phosphatase  0.712 0.004 
B4FSC2 Uncharacterized protein  0.709 0.005 
B7ZX43 Cluster of Uncharacterized protein  0.709 0.007 
K7TNK3 Uncharacterized protein  0.708 0.003 
E7DDW2 Isoamyl acetate-hydrolyzing esterase  0.701 0.024 
B6U0X2 Cluster of Uncharacterized protein  0.697 0.004 
K7V5S9 Cluster of Uncharacterized protein  0.697 0.015 
B4FDF4 Cluster of Triosephosphate isomerase  0.697 0.003 
B8A2G7 Cluster of Uncharacterized protein  0.693 0.004 
C0PA83 Cluster of Uncharacterized protein  0.688 0.011 
B7ZZK1 Uncharacterized protein  0.686 0.006 
K7TYJ1 Cluster of Ribonucleoprotein  0.68 0.011 
C5WW86 Cluster of Putative uncharacterized protein Sb01g017310  0.678 0.008 
K7U891 Uncharacterized protein  0.674 0.017 
C0PG78 Cluster of Uncharacterized protein  0.673 0.005 
B4FT77 Uncharacterized protein  0.673 0.019 
O23887 Cluster of Indole-3-acetaldehyde oxidase  0.666 0.011 
B6TM98 Cluster of Putative uncharacterized protein  0.662 0.026 
B4G033 Peptidyl-prolyl cis-trans isomerase  0.658 0.036 
B6TEX0 Inositol monophosphatase 3  0.651 0.021 
B7ZY36 Uncharacterized protein  0.65 0.02 
B6TPI6 Cluster of Succinate semialdehyde dehydrogenase  0.65 0.019 
B6TCR8 Protein binding protein  0.649 0.01 
B4F9K4 Cluster of Uncharacterized protein  0.646 0.014 
K7W4T6 Cluster of Uncharacterized protein  0.639 0.029 
K7TNL9 Cluster of Uncharacterized protein  0.637 0.036 
B6T6H3 
Cluster of Pyruvate dehydrogenase E1 component subunit 
beta  0.637 0.022 
Q3S3T0 Hemoglobin 2  0.63 0.029 
B6SSH9 Cluster of Extracellular ribonuclease LE  0.628 0.019 
Q43249 Alpha-mannosidase (Fragment)  0.623 0.018 
B6SMY5 Putative uncharacterized protein  0.622 0.038 
C0PFY0 Uncharacterized protein  0.62 0.019 
Q9ZPN0 Cluster of Cytochrome b5 reductase  0.613 0.034 
B6TD83 
Cluster of Pyruvate dehydrogenase E1 component alpha 
subunit  0.61 0.034 
o1 Unique  
#sps.  109  
B6UDL5 Cluster of Hydroxymethylbutenyl 4-diphosphate synthase  0.941 0.001 
K7TIN2 Cluster of Glycine cleavage complex P-protein  0.937 0.001 
C4IYF9 Uncharacterized protein  0.937 0.001 
B4FBD6 Ribonuclease 3  0.935 0.001 
K7V0H0 Cluster of Putative trehalose phosphatase/synthase family 0.931 0.001 
K7TV30 Uncharacterized protein  0.929 0.001 
C5Z7D7 Cluster of Putative uncharacterized protein Sb10g008200  0.925 0.001 
B4FB06 Cluster of Uncharacterized protein  0.913 0.001 
Q41740 Cluster of 1-4-alpha-glucan branching enzyme  0.905 0.001 
B4FM12 Cluster of Esterase isoform 1  0.897 0.001 
B4FQM2 Cluster of PFP-beta subunit 0.889 0.001 
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B6TLZ9 Glycerophosphoryl diester phosphodiesterase  0.887 0.001 
B6T940 Cluster of VTC2  0.883 0.001 
C5WMX8 Cluster of Putative uncharacterized protein Sb01g009860  0.876 0.001 
C5X183 Cluster of Putative uncharacterized protein Sb01g008450  0.876 0.004 
C5Y9I0 Cluster of Putative uncharacterized protein Sb06g031240  0.871 0.001 
B6U6U2 Cluster of Hexose transporter  0.867 0.001 
B6TII5 Cluster of Pyruvate kinase  0.867 0.001 
C5WLV9 Cluster of Glucose-1-phosphate adenylyltransferase  0.864 0.002 
B6SUK9 N-acetyltransferase  0.86 0.001 
C0PD86 Cluster of Uncharacterized protein  0.855 0.001 
B6TFH7 Peroxisomal membrane protein PMP22  0.85 0.002 
C5XNP3 Cluster of Putative uncharacterized protein Sb03g025580  0.85 0.001 
B6T554 Cluster of Peptidase family M48 containing protein  0.849 0.001 
B4FV79 Cluster of Suppressor/enhancer of lin-12 protein 9  0.844 0.001 
K7VWF2 Uncharacterized protein  0.843 0.001 
K7VVJ3 Uncharacterized protein  0.842 0.004 
C5YLD1 Cluster of Putative uncharacterized protein Sb07g000320  0.836 0.001 
B4FUK9 COP9 signalosome complex subunit 5b  0.836 0.001 
B6TP19 Cluster of Thioredoxin-like protein 5  0.835 0.003 
P49094 Cluster of Asparagine synthetase [glutamine-hydrolyzing]  0.83 0.001 
C5Z3D1 Cluster of 3-phosphoshikimate 1-carboxyvinyltransferase  0.828 0.001 
B6T9H3 Cluster of Asparate aminotransferase  0.825 0.001 
B6ST61 Transmembrane 9 superfamily protein member 2  0.823 0.001 
K7VV41 Cluster of Amidophosphoribosyltransferase  0.823 0.001 
B6SH90 Cluster of Histone deacetylase 6  0.822 0.001 
P49081 Cluster of Malate synthase- glyoxysomal  0.819 0.001 
C0HFQ1 Uncharacterized protein  0.819 0.001 
O49975 MKK6-putative MAPKK  0.814 0.002 
A7LHM3 BADH-like protein  0.809 0.001 
C4J6R6 Cluster of Uncharacterized protein  0.809 0.003 
B4FRA6 Uncharacterized protein  0.808 0.002 
K7TFK8 Cluster of Uncharacterized protein  0.807 0.002 
C5Y4G6 Cluster of Putative uncharacterized protein Sb05g002540  0.805 0.001 
K7U6U5 Ubiquinol-cytochrome c reductase complex protein (Fragment)  0.805 0.004 
K7VEB4 Uncharacterized protein  0.805 0.011 
B4FI22 Uncharacterized protein  0.803 0.004 
P49086 Phytoene dehydrogenase- chloroplastic/chromoplastic  0.795 0.014 
B4FNC6 RWP-RK transcription factor  0.795 0.014 
B7ZWU2 Uncharacterized protein  0.795 0.008 
C4J0S0 Uncharacterized protein  0.795 0.014 
C5WQW9 Cluster of Putative uncharacterized protein Sb01g040970  0.795 0.014 
K7V3P3 Uncharacterized protein  0.795 0.008 
B6TPE4 Cluster of Glutamate-1-semialdehyde 2-1-aminomutase  0.792 0.001 
B6TMJ8 Cluster of GDP-L-fucose synthase 1  0.79 0.011 
B6TGK1 Ribonuclease 2  0.785 0.011 
C5XTI5 Cluster of Putative uncharacterized protein Sb04g034640  0.785 0.003 
C4J306 Cluster of Inosine-5'-monophosphate dehydrogenase  0.781 0.002 
C0PPD7 Uncharacterized protein  0.779 0.011 
K7VMF0 Uncharacterized protein  0.777 0.015 
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B6UAQ7 Cluster of Pectinesterase inhibitor domain containing protein  0.776 0.003 
K7VBA9 Cluster of Uncharacterized protein  0.766 0.006 
C5X255 Cluster of Putative uncharacterized protein Sb02g026140  0.766 0.014 
B6T916 N-acetyltransferase  0.766 0.006 
B4F886 Cupin- RmlC-type  0.765 0.004 
B8A0F1 Cluster of Uncharacterized protein  0.761 0.001 
C5XGF6 Cluster of Putative uncharacterized protein Sb03g010090  0.76 0.004 
C5WMI3 Cluster of Putative uncharacterized protein Sb01g037600  0.76 0.005 
C5Z1B6 Cluster of Putative uncharacterized protein Sb09g025920  0.743 0.014 
B4FI70 Dynein light chain LC6- flagellar outer arm  0.742 0.008 
C0PBZ1 Uncharacterized protein  0.742 0.016 
B4F9X6 Uncharacterized protein  0.741 0.005 
C0PGF0 Cluster of Uncharacterized protein  0.739 0.002 
B7ZZ13 Cluster of Uncharacterized protein  0.732 0.014 
A1XCI5 Cluster of Lipoxygenase  0.728 0.014 
K7UYZ9 Cluster of Putative calcium-dependent lipid-binding 0.728 0.014 
C0PMF6 4-hydroxyphenylpyruvate dioxygenase  0.727 0.015 
B6TBI0 Uncharacterized protein  0.718 0.022 
C5WS54 Cluster of Putative uncharacterized protein Sb01g014140  0.71 0.005 
Q1EPX7 C-terminal peptide-binding protein 1  0.71 0.018 
B6U242 Uncharacterized protein  0.696 0.005 
C0PJV3 Uncharacterized protein  0.691 0.023 
B6TDM4 Cluster of Dihydroflavonol-4-reductase  0.684 0.022 
B6TNG4 Pollen-specific protein like  0.684 0.028 
C0PC75 Cluster of Putative thioredoxin superfamily protein  0.684 0.033 
B4FAI1 N-acetyl-gamma-glutamyl-phosphate reductase  0.682 0.005 
C5WT49 Cluster of Putative uncharacterized protein Sb01g014770  0.681 0.029 
B6SZK9 Cluster of Coatomer subunit epsilon  0.679 0.019 
Q41764 Cluster of Actin-depolymerizing factor 3  0.668 0.004 
C0P3V1 Putative D-mannose binding lectin domain related protein  0.664 0.005 
C0PKD9 Cluster of Uncharacterized protein  0.663 0.007 
B4FZF7 Cluster of Uncharacterized protein  0.655 0.037 
B8A215 Uncharacterized protein  0.655 0.023 
B4FQ29 Cluster of 26S proteasome non-ATPase regulatory subunit 13  0.652 0.013 
B4FC49 Cluster of Uncharacterized protein  0.648 0.025 
B6U092 Putative uncharacterized protein  0.644 0.046 
B6SJS8 Flower-specific gamma-thionin  0.644 0.009 
K7VNQ7 Uncharacterized protein  0.641 0.05 
B6T8U5 Cluster of ER6 protein  0.635 0.015 
K7UCM4 Cluster of Uncharacterized protein  0.632 0.021 
B7ZZ56 Cluster of Anthocyanidin 5-3-O-glucosyltransferase  0.632 0.045 
C0P3Y1 Uncharacterized protein  0.632 0.036 
B4FIC0 Cluster of Citrate synthase  0.628 0.015 
K7USP8 Cluster of Coatomer subunit beta  0.626 0.035 
B6TSQ9 Cluster of Aspartic proteinase oryzasin-1  0.623 0.017 
B6SJF5 Cluster of Acyl carrier protein  0.616 0.024 
B6T3E6 Cluster of Putative uncharacterized protein  0.605 0.03 
C0P7J4 Cluster of Uncharacterized protein  0.6 0.038 
B4F832 Cluster of Uncharacterized protein  0.593 0.049 
??
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Supplemental Table 4: ISA WT and o1 protein enrichment. 
UniProt 
ID  Annotated Protein Name r.g stat P-Value 
B6SS48 Outer mitochondrial membrane protein porin  0.974 0.001 
C5YHH1 Cluster of Putative uncharacterized protein Sb07g004420  0.965 0.001 
K7URE0 Cluster of Uncharacterized protein  0.957 0.001 
C5XJ13 Cluster of Putative uncharacterized protein Sb03g033590  0.952 0.001 
B6U0S1 Cluster of Elongation factor 2  0.944 0.001 
K7VKI2 Cluster of Uncharacterized protein  0.942 0.001 
B4FJT2 Cluster of Uncharacterized protein  0.942 0.001 
B6TXZ8 Cluster of Alanine aminotransferase 2  0.94 0.001 
C5WTM9 Cluster of UDP-glucose 6-dehydrogenase  0.936 0.001 
C5XTA6 Cluster of Putative uncharacterized protein Sb04g021280  0.936 0.001 
C5YD68 Cluster of Putative uncharacterized protein Sb06g003090  0.935 0.001 
C4IYE1 Cluster of Uncharacterized protein  0.932 0.001 
P33627 Cluster of Tubulin alpha-6 chain  0.93 0.001 
C5XHX1 Cluster of Putative uncharacterized protein Sb03g045970  0.928 0.001 
B8A2Q4 Uncharacterized protein  0.927 0.001 
B6TG70 Cluster of Mitochondrial-processing peptidase beta subunit  0.926 0.001 
C5X1K7 Cluster of Putative uncharacterized protein Sb01g021890  0.923 0.001 
C5XDA8 Cluster of Putative uncharacterized protein Sb02g006330  0.918 0.001 
C5XDP9 Cluster of Putative uncharacterized protein Sb02g025790  0.918 0.001 
C5X6A0 Cluster of Putative uncharacterized protein Sb02g043440  0.916 0.001 
B4FUE0 Cluster of GTP-binding protein PTD004  0.915 0.001 
B6SVS6 Cluster of Asparaginyl-tRNA synthetase- cytoplasmic 3  0.915 0.001 
P04709 Cluster of ADP-ATP carrier protein 1- mitochondrial  0.914 0.001 
B4FA16 Cluster of Branched-chain-amino-acid aminotransferase  0.913 0.001 
B6TGG7 Cluster of 3-oxoacyl-[acyl-carrier-protein] synthase  0.912 0.001 
O24578 Cluster of Adenylosuccinate synthetase- chloroplastic  0.912 0.001 
B4FSJ2 Cluster of Elongation factor Tu  0.912 0.001 
C0PL35 Cluster of Glyoxysomal fatty acid beta-oxidation multifunctional protein MFP 0.912 0.001 
K7V0P3 Cluster of Uncharacterized protein  0.91 0.001 
C5WXC7 Cluster of Putative uncharacterized protein Sb01g018400  0.91 0.001 
C0P723 Cluster of Uncharacterized protein  0.909 0.001 
C4J594 Cluster of Uncharacterized protein  0.908 0.001 
C0LNQ9 UDP-glucosyltransferase  0.907 0.001 
C5YET5 Cluster of Putative uncharacterized protein Sb06g013930  0.907 0.001 
B4FAL8 Cluster of Uncharacterized protein  0.907 0.001 
B6SXV4 Cluster of Peroxisomal fatty acid beta-oxidation multifunctional protein  0.906 0.001 
C5YT60 Cluster of Putative uncharacterized protein Sb08g005050  0.906 0.001 
B6TPP7 Cluster of Threonine synthase  0.905 0.001 
B6TLL9 Cluster of Signal recognition particle receptor beta subunit  0.904 0.001 
C5XAA7 Cluster of Eukaryotic translation initiation factor 3 subunit I  0.903 0.001 
K7TSA0 Cluster of Uncharacterized protein  0.903 0.001 
C5XBK5 Cluster of Elongation factor 1-alpha  0.903 0.001 
B4G0F2 Cluster of Uncharacterized protein  0.902 0.001 
C5YBU9 Cluster of Putative uncharacterized protein Sb06g021850  0.902 0.001 
J7H390 Cluster of Glucose-1-phosphate adenylyltransferase  0.902 0.001 
K7TJ84 Cluster of Uncharacterized protein  0.901 0.001 
B4FBF6 Cluster of Uncharacterized protein  0.901 0.001 
C5Y2Y8 Cluster of Putative uncharacterized protein Sb05g000445 (Fragment)  0.898 0.001 
K7WDQ7 Cluster of Uncharacterized protein  0.897 0.001 
C5XFC4 Cluster of Pyruvate kinase  0.897 0.001 
C0P5E7 Cluster of Uncharacterized protein  0.896 0.001 
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Q41768 Cluster of Acetolactate synthase 1- chloroplastic  0.896 0.001 
C4J6K9 Cluster of Rab GDP dissociation inhibitor alpha  0.896 0.001 
C0P972 Cluster of Uncharacterized protein  0.896 0.001 
K7UFW8 Uncharacterized protein  0.894 0.001 
C5Z529 Cluster of Putative uncharacterized protein Sb10g022570  0.893 0.001 
B6TMW7 Cluster of Transaminase/ transferase isoform 1  0.891 0.001 
B4FEC3 Cluster of Pyruvate kinase  0.891 0.001 
C5YTK4 Cluster of Putative uncharacterized protein Sb08g006370  0.889 0.001 
C5XQ74 Cluster of Putative uncharacterized protein Sb03g026970  0.888 0.001 
K7VF45 Cluster of Uncharacterized protein  0.888 0.001 
B6TXR8 Cluster of Phosphoserine aminotransferase  0.888 0.001 
B6U4D3 Mitochondrial Rho GTPase  0.886 0.001 
K7VDQ8 Cluster of Tubulin beta-7 chain isoform 1  0.886 0.001 
Q94G64 Cluster of T-cytoplasm male sterility restorer factor 2  0.885 0.001 
C0PF32 Cluster of Uncharacterized protein  0.885 0.001 
K7UB20 Cluster of Uncharacterized protein  0.884 0.001 
K7UDI4 Cluster of Uncharacterized protein  0.884 0.001 
C5WQ18 Cluster of Putative uncharacterized protein Sb01g039800  0.883 0.001 
K7U9C9 Cluster of Putative DEAD-box ATP-dependent RNA helicase family protein  0.883 0.001 
B6UDG4 Cluster of Malic enzyme  0.882 0.001 
K7VQR1 Cluster of Uncharacterized protein  0.881 0.001 
C5YV24 Cluster of Putative uncharacterized protein Sb09g027690  0.88 0.001 
B4FTP4 Cluster of Uncharacterized protein  0.88 0.001 
C5Y1U0 Cluster of Putative uncharacterized protein Sb05g027910  0.879 0.001 
K7UW46 Cluster of Putative tRNA synthetase beta subunit family protein  0.878 0.001 
C5WQV1 Cluster of Chorismate synthase  0.878 0.001 
P56521 Cluster of Probable histone deacetylase 19  0.878 0.001 
O80413 Cluster of Mitochondrial phosphate transporter  0.877 0.001 
C0PIH6 Aldose 1-epimerase  0.877 0.001 
Q93WS3 Cluster of Sucrose synthase (Fragment)  0.876 0.001 
C5YBX0 Cluster of Isocitrate dehydrogenase [NADP]  0.876 0.001 
B6TBF0 Cluster of Dcp1-like decapping family protein  0.875 0.001 
B4FM69 Cluster of Putative ribosomal protein S8 family protein  0.873 0.001 
B6SIP2 Cluster of Hydrogen-transporting ATP synthase- rotational mechanism  0.873 0.001 
C5XM02 Cluster of Eukaryotic translation initiation factor 3 subunit A  0.873 0.001 
C4J0Z7 Cluster of Uncharacterized protein  0.872 0.001 
C5XCM2 Cluster of Coatomer subunit gamma  0.872 0.001 
K7TVF1 Cluster of Homoserine dehydrogenase  0.872 0.001 
K7UPU2 Uncharacterized protein (Fragment)  0.871 0.001 
B6U6S2 Cluster of Acyl-CoA synthetase long-chain family member 3  0.871 0.001 
B4G004 Cluster of Uncharacterized protein  0.871 0.001 
K7UZT6 Cluster of Pyruvate- phosphate dikinase 2  0.871 0.001 
K7UYX0 Cluster of Ubiquitin carboxyl-terminal hydrolase  0.87 0.001 
C5XZX0 Cluster of Putative uncharacterized protein Sb04g030000  0.869 0.001 
B6SS31 Cluster of Putative uncharacterized protein  0.867 0.001 
B6UCV5 Shikimate biosynthesis protein aroDE  0.866 0.001 
B8A1R8 Cluster of Uncharacterized protein  0.866 0.001 
K7U1S1 Lysine-ketoglutarate reductase/saccharopine dehydrogenase1  0.865 0.001 
B6T1H0 Cluster of 40S ribosomal protein S6  0.865 0.001 
B4FT85 Isochorismate synthase 1  0.863 0.001 
K7VHR5 Cluster of Uncharacterized protein  0.863 0.001 
K7UV76 Uncharacterized protein  0.861 0.001 
B6TGB9 Heterogeneous nuclear ribonucleoprotein A3  0.86 0.001 
C0PCQ6 Cluster of Uncharacterized protein  0.86 0.001 
K7TY03 Uncharacterized protein  0.86 0.001 
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C5Y688 Cluster of Aldehyde dehydrogenase  0.86 0.001 
C5WXS7 Cluster of Putative uncharacterized protein Sb01g046570  0.859 0.001 
B6TL24 Cluster of Glyoxylate reductase  0.858 0.001 
C5XX51 Cluster of Putative uncharacterized protein Sb04g025090  0.858 0.001 
K7UFJ9 Cluster of Uncharacterized protein  0.857 0.001 
Q06509 Cluster of Caffeic acid 3-O-methyltransferase  0.857 0.001 
B4F9G8 Cluster of Pyruvate kinase  0.856 0.001 
B6TA00 Cluster of L-allo-threonine aldolase  0.855 0.001 
K7UGH3 Cluster of Uncharacterized protein  0.854 0.001 
P05494 Cluster of ATP synthase subunit alpha- mitochondrial  0.853 0.001 
C0P4T5 Cluster of Uncharacterized protein  0.853 0.001 
K7V9V6 Cluster of Isocitrate dehydrogenase [NADP]  0.851 0.001 
C5XZW8 Cluster of Putative uncharacterized protein Sb04g029970  0.85 0.001 
B7ZXM2 Adenylyl cyclase-associated protein  0.849 0.001 
K7UFA3 Uncharacterized protein (Fragment)  0.848 0.001 
B6TPF5 Cluster of Uncharacterized protein  0.848 0.001 
C0PI96 DNA-directed RNA polymerase  0.848 0.001 
C5X2H5 Cluster of Putative uncharacterized protein Sb02g039660  0.848 0.001 
B7ZYR6 Cluster of Uncharacterized protein  0.848 0.001 
B4FDB1 Uncharacterized protein  0.847 0.001 
Q5YFA2 Brassinosteroid biosynthesis-like protein  0.847 0.001 
C0P4C1 Uncharacterized protein  0.847 0.001 
K7UGK6 Putative ARM repeat-containing protein containing family protein  0.847 0.001 
K7UF32 Cluster of Putative argonaute family protein  0.846 0.001 
B6SHF6 Cluster of Mitochondrial-processing peptidase alpha subunit  0.846 0.001 
Q08069 Cluster of 40S ribosomal protein S8  0.845 0.001 
C5YVA8 Cluster of Putative uncharacterized protein Sb09g008220  0.844 0.001 
C5X7Z0 Cluster of Putative uncharacterized protein Sb02g001450  0.844 0.001 
B6SWZ4 Cluster of Propionyl-CoA carboxylase beta chain  0.844 0.001 
K7VJC3 Cluster of Uncharacterized protein  0.844 0.002 
B6SK03 Cluster of Ubiquitin-conjugating enzyme spm2  0.842 0.001 
K7UK29 Cluster of Uncharacterized protein  0.842 0.001 
C0PB44 Cluster of Transaminase/transferase  0.842 0.001 
C5XLK5 Cluster of Putative uncharacterized protein Sb03g036030  0.842 0.001 
B4FNB4 Uncharacterized protein  0.842 0.001 
C5XG93 Cluster of Putative uncharacterized protein Sb03g043900  0.841 0.001 
B4FBF5 Uncharacterized protein  0.839 0.001 
C0HGZ0 Cluster of Putative argonaute family protein  0.837 0.001 
K7UJJ8 Cluster of Uncharacterized protein  0.837 0.001 
C0HIH7 Cluster of Uncharacterized protein  0.837 0.002 
B6TWW1 Cluster of Aspartate-semialdehyde dehydrogenase  0.835 0.001 
B6SH97 Cluster of 2-isopropylmalate synthase B  0.835 0.001 
C5XWT6 Cluster of Putative uncharacterized protein Sb04g038560  0.834 0.001 
K7VIL3 Methionine S-methyltransferase  0.834 0.001 
B4FV87 Cluster of Jasmonate-induced protein  0.833 0.001 
K7UYT0 Cluster of Omega-6 fatty acid desaturase- endoplasmic reticulum isozyme 2  0.832 0.001 
C5XUC3 Cluster of Putative uncharacterized protein Sb04g035550  0.831 0.001 
B4FF47 Cluster of Uncharacterized protein  0.831 0.002 
B6TIL6 Cluster of 3-ketoacyl-CoA thiolase 2- peroxisomal  0.83 0.001 
B4FCK9 Cluster of 60S ribosomal protein L22-2  0.83 0.001 
B4G1Y5 Uncharacterized protein  0.829 0.001 
C5XIY9 Cluster of Dihydrolipoyl dehydrogenase  0.829 0.001 
C5XBM7 Cluster of Putative uncharacterized protein Sb02g036590  0.827 0.001 
C5X3T9 Cluster of Putative uncharacterized protein Sb02g028050  0.827 0.001 
C5XPG8 Cluster of Putative uncharacterized protein Sb03g026350  0.827 0.001 
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B4FQ44 Tryptophan aminotransferase isoform 1  0.826 0.001 
K7VSB1 Cluster of Uncharacterized protein  0.823 0.001 
K7UDW4 Cluster of Uncharacterized protein  0.823 0.001 
K7V2Z8 Cluster of Uncharacterized protein  0.823 0.002 
B6T7B2 Cluster of 40S ribosomal protein S9  0.823 0.001 
B4G195 Cluster of Aspartate aminotransferase  0.823 0.002 
B6SGM5 Cluster of Putative oxidoreductase- aldo/keto reductase family protein  0.823 0.001 
K7TN31 Cluster of Uncharacterized protein  0.822 0.001 
C0PLN9 Cluster of D-3-phosphoglycerate dehydrogenase  0.821 0.001 
B6UC34 Cluster of Glutaminyl-tRNA synthetase  0.819 0.002 
F2YI17 Cluster of SSIII  0.819 0.001 
B4FG65 Uncharacterized protein  0.819 0.001 
C5XWF4 Cluster of 60S ribosomal protein L6  0.818 0.001 
B8A2Y6 Cluster of Uncharacterized protein  0.818 0.001 
K7UDG5 Cluster of Uncharacterized protein  0.817 0.001 
C5Z0L2 Cluster of Putative uncharacterized protein Sb09g004450  0.817 0.001 
B4F9J5 Cluster of Glutamate dehydrogenase  0.815 0.001 
C4J8V6 Cluster of Uncharacterized protein  0.815 0.001 
C0PDX9 Cluster of Uncharacterized protein  0.814 0.001 
K7UCH1 Cluster of Putative TCP-1/cpn60 chaperonin family protein  0.814 0.001 
C5WNU9 Cluster of Lipoxygenase  0.813 0.001 
B4G0S0 Cluster of Uncharacterized protein  0.811 0.001 
C5X8X7 Cluster of Glucose-1-phosphate adenylyltransferase  0.811 0.001 
B6U2F8 
Cluster of Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 67 
kDasubunit  0.811 0.001 
C5X8I6 Cluster of Putative uncharacterized protein Sb02g033170  0.808 0.001 
C5Y9L6 Cluster of Putative uncharacterized protein Sb06g031590  0.808 0.001 
B4FU01 Cluster of Cystathionine gamma-synthase  0.808 0.001 
B6SI26 Cluster of Thioredoxin  0.807 0.001 
B4FWK5 Cluster of 7-dehydrocholesterol reductase  0.806 0.003 
B8A0Q3 Uncharacterized protein  0.806 0.002 
Q8W525 Formate tetrahyrofolate ligase (Fragment)  0.805 0.001 
C0PH60 Cluster of Uncharacterized protein  0.805 0.002 
B6T4W5 Hyoscyamine 6-dioxygenase  0.805 0.001 
Q41742 Cluster of Su1p (Fragment)  0.804 0.001 
B4F8V5 Cluster of Uncharacterized protein  0.804 0.001 
B4F861 Cluster of Uncharacterized protein  0.804 0.001 
K7UB69 Putative RING zinc finger domain superfamily protein  0.803 0.001 
B4FUH2 Aspartate aminotransferase  0.803 0.001 
C5WRM4 Cluster of Putative uncharacterized protein Sb01g041650  0.803 0.003 
C0P861 Cluster of Uncharacterized protein  0.803 0.001 
B4FSV8 Oligosaccharide transporter  0.802 0.001 
B4G058 Uncharacterized protein  0.801 0.001 
C5YG66 Cluster of Aminomethyltransferase  0.801 0.001 
K7VBY5 Thioredoxin  0.799 0.001 
B4FW57 Cluster of Uncharacterized protein  0.798 0.001 
B4F8H6 Cluster of Microsomal signal peptidase subunit  0.798 0.001 
B6T715 Cluster of Aldehyde dehydrogenase  0.795 0.002 
K7V316 Cluster of Uncharacterized protein  0.795 0.001 
B6T9R4 Cluster of Xylulose kinase  0.795 0.002 
B4FR86 Cluster of Uncharacterized protein  0.795 0.001 
Q8W2B7 Cluster of DIMBOA UDP-glucosyltransferase BX8  0.794 0.001 
B6TMG9 Cluster of Mitochondrial NADH ubiquinone oxidoreductase 29 kDa subunit  0.793 0.002 
C6JS30 
Cluster of Probable bifunctional methylthioribulose-1-phosphate 
dehydratase/enolase-phosphatase E1  0.791 0.002 
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C0PHH5 Cluster of Dihydrolipoyl dehydrogenase  0.791 0.001 
C5WRE1 Cluster of Eukaryotic translation initiation factor 3 subunit B  0.79 0.001 
D2JSQ3 ATP synthase subunit 8  0.79 0.003 
C5WNH9 Cluster of Putative uncharacterized protein Sb01g038360  0.79 0.001 
B6TLW3 Fiber protein Fb19  0.79 0.001 
Q5QPY4 Cluster of Glycosyltransferase  0.788 0.001 
B4FVK0 Cluster of Arginyl-tRNA synthetase isoform 1  0.788 0.001 
B6T9C0 Cluster of Putative ATPase- V1 complex- subunit B protein isoform 1  0.787 0.001 
Q9FQ11 Cluster of Sucrose-phosphatase 1  0.786 0.001 
B4FHG5 Uncharacterized protein  0.785 0.005 
B4FHK5 Cluster of NPL4 family  0.785 0.001 
B7ZXB7 Coatomer subunit gamma  0.784 0.001 
B4FFZ9 Lipoprotein  0.783 0.001 
O48556 Cluster of Soluble inorganic pyrophosphatase  0.783 0.001 
B4G249 Cluster of Isocitrate dehydrogenase [NADP]  0.782 0.001 
B6T1U4 AP-1 complex subunit sigma-2  0.781 0.001 
C0HIZ0 Cluster of Uncharacterized protein  0.779 0.001 
C0PGG5 Cluster of Pyruvate kinase  0.778 0.001 
B6SWV1 Cluster of Glucose-6-phosphate 1-dehydrogenase  0.777 0.002 
B6SRH9 Cluster of Peroxidase 24  0.777 0.001 
B6TRY2 Starch binding domain containing protein  0.777 0.005 
C5XXY9 Cluster of Putative uncharacterized protein Sb04g007240  0.777 0.009 
K7VAA1 Ribonucleoside-diphosphate reductase  0.777 0.004 
P81009 Defensin-like protein 2  0.776 0.004 
B6TFE4 Cluster of Ribokinase  0.776 0.001 
B6T3D2 Saccharopine dehydrogenase  0.775 0.002 
C4J0A6 Cluster of Serine/threonine-protein phosphatase  0.773 0.001 
K7UAA2 Cluster of Bifunctional dihydrofolate reductase-thymidylate synthase  0.773 0.003 
K7TXM3 Stem-specific protein TSJT1  0.772 0.002 
B6SIP4 Cluster of 40S ribosomal protein S26  0.772 0.004 
B6T2E1 DANA2  0.771 0.003 
C5X7S1 Cluster of Putative uncharacterized protein Sb02g032420  0.77 0.003 
O22453 Cluster of 40S ribosomal protein S4  0.769 0.002 
C0P8S9 Uncharacterized protein  0.768 0.002 
K7UQK1 Cluster of Uncharacterized protein  0.768 0.002 
B6TQ02 PDIL5-4-Zea mays protein disulfide isomerase  0.768 0.001 
B6UDP0 Cluster of PDIL1-4-Zea mays protein disulfide isomerase  0.767 0.003 
B4FG76 Cluster of Uncharacterized protein  0.767 0.001 
A4ULE1 Nitrilase 2  0.767 0.005 
B6SJR7 Cluster of C-1-tetrahydrofolate synthase- cytoplasmic  0.767 0.002 
K7VC25 Uncharacterized protein  0.767 0.001 
P25460 Cluster of 40S ribosomal protein S11  0.766 0.001 
B6UDC2 Stress protein  0.766 0.002 
C0HFG9 Cluster of Dynamin-2A  0.765 0.001 
C5Y0C0 Cluster of Putative uncharacterized protein Sb04g030600  0.765 0.002 
Q9SBX0 Cluster of Toc34-1 protein  0.763 0.003 
P13867 Cluster of Alpha-amylase/trypsin inhibitor  0.761 0.002 
Q9SPD8 Voltage-dependent anion channel protein 1b  0.761 0.002 
C0HIX4 Cluster of Uncharacterized protein  0.761 0.002 
C5XVJ1 Cluster of Putative uncharacterized protein Sb04g004540  0.76 0.001 
K7US09 Uncharacterized protein  0.758 0.003 
K7WDG3 Uncharacterized protein  0.758 0.002 
B6T5Z1 Cluster of L-lactate dehydrogenase A  0.757 0.004 
B6U4F2 Cluster of Signal recognition particle subunit SRP68  0.756 0.002 
B6SL10 Cluster of Fasciclin-like arabinogalactan protein 8  0.756 0.001 
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C5XNN4 Cluster of Putative uncharacterized protein Sb03g025500  0.756 0.002 
C5YNS5 Cluster of Ubiquitin carboxyl-terminal hydrolase  0.754 0.005 
C5YL65 Cluster of Putative uncharacterized protein Sb07g021080  0.75 0.004 
C4JA40 Phosphoribosylformylglycinamidine cyclo-ligase  0.745 0.001 
B7ZZN4 Cluster of Uncharacterized protein  0.742 0.003 
B6T4R0 Cluster of 3-4-dihydroxy-2-butanone kinase  0.741 0.001 
B6SIX6 Cluster of Prolamin PPROL 17  0.741 0.003 
B6T113 Bowman-Birk type wound-induced proteinase inhibitor WIP1  0.74 0.002 
C5YDH0 Cluster of Putative uncharacterized protein Sb06g024550  0.74 0.004 
C5XW73 Cluster of Putative uncharacterized protein Sb04g005040  0.739 0.001 
K7UR21 Cluster of Uncharacterized protein  0.739 0.003 
B6UEY2 Vacuolar processing enzyme- beta-isozyme  0.739 0.003 
B4FBV8 Cluster of Eukaryotic translation initiation factor 3 subunit G  0.738 0.001 
C5YPE5 Cluster of Putative uncharacterized protein Sb08g017220  0.738 0.002 
C0PAS6 Cluster of Uncharacterized protein  0.736 0.004 
C5X0H7 Cluster of Putative uncharacterized protein Sb01g021020  0.734 0.008 
B4FLN3 Uncharacterized protein  0.732 0.002 
C4J030 Uncharacterized protein  0.731 0.002 
K7VCQ2 Cluster of Uncharacterized protein  0.731 0.004 
C0PAH7 Cluster of Uncharacterized protein  0.729 0.005 
B6U4S2 Cluster of Tubulin--tyrosine ligase-like protein 12  0.728 0.008 
B6TI04 Developmentally-regulated GTP-binding protein 1  0.727 0.004 
B6TE61 Dihydroflavonol-4-reductase  0.727 0.007 
B4FK47 Uncharacterized protein  0.726 0.008 
B6TCC9 Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 67 kDa 0.723 0.004 
B4G0Z7 Uncharacterized protein  0.722 0.003 
B6TNK0 Uncharacterized protein  0.72 0.007 
K7VHG3 Cluster of Heat shock protein 4  0.716 0.003 
K7UEH3 Uncharacterized protein  0.716 0.005 
D2JSQ1 Cluster of ATP synthase subunit 4  0.715 0.003 
B6SWB3 Cluster of ATP-dependent RNA helicase dhh1  0.714 0.013 
C0P3Y3 Cluster of Uncharacterized protein  0.713 0.014 
K7TUZ0 Cluster of Cytokinin-O-glucosyltransferase 3  0.711 0.002 
C0PGQ1 Cluster of Uncharacterized protein  0.711 0.004 
B4FB09 Uncharacterized protein  0.71 0.011 
B4FL35 Cluster of Eukaryotic translation initiation factor 3 subunit K  0.71 0.011 
P93804 Cluster of Phosphoglucomutase- cytoplasmic 1  0.709 0.003 
B4FZN6 Cluster of 40S ribosomal protein S7  0.709 0.002 
K7V184 Cluster of Uncharacterized protein  0.708 0.004 
Q2MJJ9 Cluster of Putative RH2 protein  0.707 0.007 
C5YZN3 Cluster of Putative uncharacterized protein Sb09g003220  0.705 0.021 
B6TBG8 Cluster of 26S proteasome non-ATPase regulatory subunit 3  0.703 0.007 
B4FAD9 Cluster of Uncharacterized protein  0.703 0.005 
G3K3T2 Cluster of Guanine-nucleotide-exchange protein  0.702 0.008 
B8A3K1 Glutathione S-transferase--like protein  0.702 0.009 
K7TTR7 Cluster of Uncharacterized protein  0.701 0.002 
K7UTZ0 Cluster of Hexose transporter  0.7 0.012 
K7VDT6 Cluster of Uncharacterized protein  0.698 0.006 
K7UUD7 Uncharacterized protein  0.698 0.014 
B4FSV6 Cluster of 6-phosphogluconate dehydrogenase- decarboxylating  0.696 0.006 
C5YB46 Cluster of Putative uncharacterized protein Sb06g034050  0.695 0.007 
B6TC19 Cluster of Dehydrogenase/reductase SDR family member 2  0.694 0.004 
B4FM15 Cluster of 60S ribosomal protein L28 isoform 1  0.694 0.004 
C5Y0Z4 Cluster of Putative uncharacterized protein Sb04g031900  0.691 0.007 
B6SIA2 40S ribosomal protein S26  0.69 0.002 
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C0PFM8 Uncharacterized protein  0.689 0.008 
K7VG53 Uncharacterized protein  0.689 0.011 
P49080 Bifunctional aspartokinase/homoserine dehydrogenase 2- chloroplastic  0.688 0.032 
K7VGK6 Cluster of Uncharacterized protein  0.688 0.029 
K7VIL1 Uncharacterized protein  0.688 0.037 
B4FCB9 Peroxisomal membrane protein PEX11-1 isoform 1  0.685 0.009 
Q9SE94 Cluster of Methylenetetrahydrofolate reductase 1  0.685 0.01 
C5XXZ7 Cluster of Putative uncharacterized protein Sb04g007330  0.685 0.009 
K7V532 Secreted protein  0.682 0.014 
B6T1Z7 Putative Transmembrane 9 family protein member 1  0.677 0.014 
C0HI73 Uncharacterized protein  0.677 0.011 
C5WTX0 Cluster of Putative uncharacterized protein Sb01g002020  0.677 0.027 
B7ZY29 Uncharacterized protein  0.675 0.012 
B6TK96 Cluster of Homocysteine S-methyltransferase 3  0.674 0.008 
Q6XZ78 Cluster of Fructokinase-2  0.672 0.009 
C0P8G5 Uncharacterized protein  0.67 0.016 
C5XVC9 Cluster of Putative uncharacterized protein Sb04g004030  0.67 0.011 
C0PFX0 Cluster of Glucose-6-phosphate 1-dehydrogenase  0.666 0.023 
B6UHQ3 Plasma membrane associated protein  0.665 0.008 
B6T6V5 Cluster of Ubiquitin carboxyl-terminal hydrolase  0.664 0.012 
P49103 Cluster of Ras-related protein Rab-2-A  0.657 0.019 
K7VM86 Cluster of Uncharacterized protein  0.656 0.009 
K7UR83 Cluster of Uncharacterized protein  0.656 0.019 
C4J411 Cluster of Imidazole glycerol phosphate synthase subunit hisF  0.655 0.02 
B6TDT6 Cluster of Methylthioribose kinase  0.653 0.013 
K7UF80 Cluster of Uncharacterized protein  0.651 0.016 
B4FQ98 Cluster of NADH-ubiquinone oxidoreductase 51 kDa subunit  0.649 0.017 
B4FUB5 Cluster of Peptidyl-prolyl cis-trans isomerase  0.645 0.035 
C0PKL8 Uncharacterized protein  0.645 0.032 
B6TU39 Cluster of Peroxidase 2  0.643 0.013 
B4FQ73 Cluster of Uncharacterized protein  0.643 0.032 
B4FX20 AKIN gamma  0.641 0.026 
B6SIX3 Cluster of 40S ribosomal protein S24  0.641 0.017 
K7VLG7 Cluster of Putative SNF1-related protein kinase family protein  0.641 0.034 
B4FB70 Uncharacterized protein  0.636 0.049 
B4FJ27 Cluster of 40S ribosomal protein S24  0.635 0.022 
B4FT34 Uncharacterized protein  0.633 0.034 
B4F7T1 Cluster of Uncharacterized protein  0.632 0.03 
B4FXY5 Cluster of Uncharacterized protein  0.629 0.026 
B4FZK6 Cluster of Methionine aminopeptidase  0.629 0.032 
C5YLV2 Cluster of Putative uncharacterized protein Sb07g000970  0.626 0.032 
B4FYQ7 Cluster of Uncharacterized protein  0.624 0.038 
C0P8L5 Cluster of Uncharacterized protein  0.624 0.023 
B6T7Q7 Serine hydroxymethyltransferase  0.623 0.028 
C0P3M5 Cluster of Uncharacterized protein  0.621 0.038 
K7VN31 Cluster of Uncharacterized protein  0.615 0.045 
B6TQY2 Serine/threonine-protein phosphatase 2A activator 2  0.614 0.045 
B4FQC9 Cluster of Proline iminopeptidase  0.614 0.032 
K7VWJ6 Cluster of Uncharacterized protein  0.614 0.046 
K7UQR5 
Cluster of Putative mitochondrial processing peptidase alpha subunit family 
protein  0.597 0.034 
Q43706 Cluster of Sucrose synthase  0.595 0.042 
K7TJH6 Cluster of Putative translation elongation/initiation factor family protein  0.592 0.041 
C5YZF7 Cluster of Putative uncharacterized protein Sb09g002470  0.58 0.047 
K7V1F2 Cluster of Anthocyanidin 3-O-glucosyltransferase  0.572 0.049 
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Supplemental Table 5: ISA UPR opaque mutants (fl2, Mc and DeB30) protein 
enrichment.  
UniProt ID  Annotated Protein Name r.g stat P-Value 
Q5EUD5 Cluster of Protein disulfide isomerase  0.808 0.001 
C4J6T2 Cluster of exocyst complex component  0.792 0.001 
B6UES0 Cluster of Charged multivesicular body protein 4b  0.787 0.002 
B6T5L0 KH domain containing protein  0.775 0.001 
C4J929 Cluster of Ribosomal protein  0.773 0.001 
B4FFW5 Cluster of Universal stress protein 0.77 0.001 
B6T5R2 Cluster of Mitochondria fission 1 protein  0.765 0.001 
C0PH51 Cluster of FAS-associated factor 2-B  0.763 0.002 
B6U6A9 Cluster of Caleosin  0.749 0.001 
B8A2I6 Glutaredoxin family protein 0.748 0.002 
B6TJH8 Cluster of Mitochondrial glycoprotein  0.739 0.003 
B6T2Y1 Cluster of Peroxiredoxin-5  0.736 0.003 
B6T8U0 Cluster of Plasminogen activator inhibitor 1 RNA-binding protein  0.728 0.002 
B6THK8 Cluster of UBA and UBX domain-containing protein  0.727 0.006 
B6U4I4 Cluster of Microtubule-associated protein MAP65-1a  0.727 0.003 
B6T451 Cluster of Importin subunit alpha  0.722 0.001 
B4FB66 Cluster of 40S ribosomal protein S5  0.697 0.001 
B6U4A3 Cluster of Heat shock 70 kDa protein  0.689 0.007 
C0PNK2 Cluster of selT/selW/selH selenoprotein domain containing protein 0.684 0.003 
B6T379 Cluster of 40S ribosomal protein S15  0.681 0.003 
B4FQJ6 Cluster of 26S protease regulatory subunit 7 0.681 0.004 
B6UFA9 Alpha-soluble NSF attachment protein  0.679 0.012 
K7V8U5 DNA-binding protein  0.678 0.003 
B6TAV8 Ribosome recycling factor  0.678 0.008 
C0P5C0 Cluster of Importin subunit alpha  0.678 0.003 
B4FPJ1 Cluster of Protein transporter  0.663 0.007 
C4J9I1 Zinc finger protein 0.663 0.016 
B4FE53 Cluster of protein FLUORESCENT IN BLUE LIGHT 0.663 0.012 
B6TBW2 ATP synthase delta chain  0.66 0.01 
B6TNW8 Inosine triphosphate pyrophosphatase  0.658 0.014 
B4FBM0 Cluster of Syntaxin 32 0.647 0.024 
B4FP46 Cluster of Charged multivesicular body protein 3  0.644 0.016 
B6T0T2 Cluster of Histone H2A  0.643 0.009 
B6TIQ8 Cluster of ATP/GTP binding protein  0.639 0.017 
Q43863 Cluster of Annexin  0.632 0.021 
B4FNK8 Chorismate mutase 0.627 0.024 
B4FSC8 Cluster of aldo/keto reductase family protein 0.624 0.019 
K7VUK8 Cluster of Putative ribosomal protein L11 family protein  0.623 0.014 
B4FUH1 Cluster of NADH-ubiquinone oxidoreductase 23 kDa subunit  0.62 0.029 
B4FNL7 Cluster of MAP3K-like protein kinase  0.614 0.033 
B6SQD4 Cluster of Catalytic/ oxidoreductase- acting on NADH or NADPH  0.613 0.03 
C5YMX6 Cluster of 60S acidic ribosomal protein 0.61 0.017 
C5X768 Cluster of Pyridoxin biosynthesis protein ER1 0.602 0.024 
B4F957 Cluster of Pro-resilin  0.587 0.028 
B6TFV4 Glycoprotein  0.586 0.049 
Italics protein names indicate an uncharacterized protein which is annotated with significant blastp homology search 
identifier. 
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Supplemental Table 6: ISA six-group protein enrichment.  
  UniProt ID  Annotated Protein Name r.g stat P-Value 
WT + o2 + fl1 
+ fl2 + Mc + 
DeB30 
C5WW12 Nudix hydrolase 0.792 0.002 
B6TQC5 Peptidyl-prolyl cis-trans isomerase 1  0.729 0.004 
C0P4L3 Cluster of Eukaryotic translation initiation factor 5  0.68 0.006 
B4FN06 Cluster of Programmed cell death protein 5  0.664 0.01 
K7VIW0 NADH-ubiquinone oxidoreductase 13 kDa-B subunit 0.662 0.011 
B6TBM1 Cluster of Alpha-soluble NSF attachment protein  0.657 0.008 
B6T346 Cluster of THO complex subunit 4  0.631 0.02 
B6SWA1 Dek protein  0.629 0.019 
B6U0W2 Cluster of Beta-galactosidase  0.605 0.029 
B4FH20 Cluster of Uncharacterized protein  0.597 0.032 
B8A2H8 Cluster of Hsp70-binding protein 0.596 0.046 
B6SGU6 Putative uncharacterized protein  0.593 0.039 
C5XBD4 Cluster of Enolase 0.578 0.045 
WT + o2 + o1 
+ fl2 + Mc + 
DeB30  
B4FEA4 Cluster of polyadenylate-binding protein RBP45-like 0.735 0.001 
Q41819 Indole-3-acetate beta-glucosyltransferase  0.726 0.003 
B4F8B9 Cluster of Alcohol dehydrogenase 0.685 0.005 
B6TRV3 Cluster of Eukaryotic translation initiation factor 3 subunit E  0.61 0.026 
B4FR03 OB-fold nucleic acid binding domain containing protein  0.608 0.034 
 WT  + o1 + fl1 
+ fl2 + Mc + 
DeB30 
B6TJW0 Cluster of Putative uncharacterized protein  0.679 0.003 
B6SNM4 Cluster of Protein transport protein Sec61 beta subunit  0.657 0.009 
B6TF54 Cluster of Chorismate mutase  0.604 0.023 
 WT  + o2 + o1 
+ fl1 + fl2 + 
Mc  
C4J5B2 Cluster of oxysterol-binding protein-related protein 0.576 0.037 
 WT  + o2 + o1 
+ fl1 + Mc + 
DeB30  
C0HHH9 Uncharacterized protein 0.698 0.003 
Italics protein names indicate an uncharacterized protein which is annotated with significant blastp homology search 
identifier. 
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Supplemental Table 7: NSAF normalized fold-change values and pairwise t test 
corresponding p-values compared to WT. 
  DeB30 fl1 fl2 Mc o1 o2 
UniProt ID P-Value FC P-Value FC P-Value FC P-Value FC P-Value FC P-Value FC 
B4FFK9 0.000 0.6 0.0004 0.6 0.0015 0.7 0.0074 0.7 0.0004 0.6 0.0004 0.6 
J7H390 0.003 0.5 0.0011 0.4 0.0011 0.4 0.025 0.6 0.041 1.3 0.16 0.7 
B6SI09 0.061 0.5 0.011 0.3 0.034 0.4 0.11 0.6 0.78 1.1 0.011 0.3 
C0LNQ9 0.02 0.5 0.02 0.5 0.02 0.5 0.02 0.5 0.52 1.1 0.064 0.6 
B6SLG2 0.13 0.6 0.13 0.6 0.13 0.6 0.13 0.6 0.13 0.6 0.18 0.6 
P05494 0.022 0.6 0.0032 0.5 0.0042 0.6 0.04 0.7 0.23 1.2 0.021 0.6 
B6SJE6 0.16 0.6 0.0099 0.4 0.055 0.6 0.8 0.9 0.096 0.5 0.03 0.5 
B6SKP5 0.001 0.8 0.0013 0.8 0.0013 0.8 0.0013 0.8 0.0013 0.8 0.0013 0.8 
C4J333 0.011 0.6 0.011 0.6 0.064 0.7 0.011 0.6 0.88 1 0.052 0.7 
B6T9C0 0.02 0.7 0.02 0.7 0.02 0.7 0.062 0.8 0.53 1.1 0.02 0.7 
B4FUH2 0.16 0.7 0.019 0.5 0.026 0.6 0.16 0.6 0.011 1.6 0.68 0.9 
P25892 0.94 1 0.048 0.7 0.11 0.8 0.15 0.8 0.048 0.7 0.048 0.7 
B4FNZ9 0.15 0.8 0.15 0.8 0.15 0.8 0.15 0.8 0.43 0.9 0.15 0.8 
K7UZT6 0.16 0.7 0.15 0.7 0.08 0.6 0.085 0.6 0.0034 1.9 0.44 0.8 
Q08069 0.14 0.9 0.14 0.9 0.14 0.9 0.14 0.9 0.18 0.9 0.14 0.9 
P43401 0.13 0.6 0.38 0.8 0.52 0.8 0.14 0.6 0.31 1.3 0.13 0.6 
B4G0K5 0.31 0.8 0.18 0.7 0.19 0.7 0.18 0.7 0.7 1.1 0.11 0.7 
B4FFZ9 0.17 0.9 0.17 0.9 0.17 0.9 0.17 0.9 0.17 0.9 0.17 0.9 
B6TIL6 0.087 0.8 0.087 0.8 0.087 0.8 0.087 0.8 0.96 1 0.17 0.8 
Q10724 0.14 0.8 0.23 0.8 0.14 0.8 0.14 0.8 0.57 1.2 0.14 0.8 
B6T113 0.15 0.8 0.15 0.8 0.15 0.8 0.15 0.8 0.91 1 0.15 0.8 
B6UHQ3 0.14 0.8 0.14 0.8 0.14 0.8 0.14 0.8 0.16 1.3 0.63 0.9 
Q41819 0.22 0.9 0.22 0.9 0.22 0.9 0.22 0.9 0.22 0.9 0.26 0.9 
B6TB44 0.78 1.1 0.034 0.8 0.17 0.8 0.0054 1.3 0.43 0.8 0.015 0.7 
B4FCR0 0.17 0.9 0.14 0.9 0.14 0.9 0.14 0.9 0.64 1.1 0.14 0.9 
K7VDJ2 0.22 0.9 0.22 0.9 0.22 0.9 0.22 0.9 0.32 1.1 0.22 0.9 
B4G0F2 0.16 0.9 0.16 0.9 0.16 0.9 0.16 0.9 0.0066 1.5 0.41 0.9 
P83506 0.16 0.8 0.13 0.7 0.16 0.8 0.13 0.7 0.79 0.9 0.75 1.1 
P04698 0.24 0.9 0.24 0.9 0.24 0.9 0.24 0.9 0.066 1.4 0.24 0.9 
B4F9T3 0.39 1.1 0.12 1.3 0.0021 0.6 0.26 1.2 0.07 0.8 0.21 1.2 
B6SX67 0.12 0.8 0.11 0.8 0.24 0.9 0.42 1.2 0.67 1.1 0.11 0.8 
B6T4W5 0.26 0.9 0.26 0.9 0.26 0.9 0.26 0.9 0.51 1 0.26 0.9 
Q41898 0.024 0.8 0.0092 0.8 0.88 1 0.33 1.3 0.0092 0.8 0.53 0.9 
B4FR03 0.36 0.9 0.36 0.9 0.36 0.9 0.36 0.9 0.36 0.9 0.36 0.9 
B6UIG0 0.27 1.2 0.014 0.7 0.064 1.3 0.47 1.2 0.014 0.7 0.57 1.1 
B6SGF4 0.12 0.8 0.12 0.8 0.51 0.9 0.12 0.8 0.59 0.9 0.96 1 
B6TEW3 0.36 0.9 0.36 0.9 0.29 1.1 0.42 0.9 0.36 0.9 0.36 0.9 
B4FJ27 0.22 1 0.22 1 0.22 1 0.22 1 0.7 1 0.22 1 
B4FX16 0.14 0.9 0.68 1 0.14 0.9 0.14 0.9 0.076 1.3 0.53 1.2 
B6TAT4 0.36 0.9 0.36 0.9 0.36 0.9 0.58 1.1 0.36 0.9 0.36 0.9 
B4FH44 0.36 1 0.36 1 0.36 1 0.36 1 0.00073 1.2 0.36 1 
K7VA33 0.36 0.9 0.36 0.9 0.36 0.9 0.36 0.9 0.36 0.9 0.72 1 
B4FFB8 0.062 2 0.00017 0.2 0.23 1.3 0.89 1 0.00031 0.4 0.15 1.8 
B6SRJ3 0.88 1 0.023 0.6 0.086 0.7 0.52 1.2 0.19 1.4 0.56 0.9 
B4FAD9 0.36 1 0.36 1 0.36 1 0.36 1 0.16 1.1 0.36 1 
B6TDK1 0.36 1 0.14 0.9 0.14 0.9 0.5 1.2 0.17 1.1 0.57 1.1 
B6TBM1 0.24 1.2 0.51 1 0.042 1.3 0.031 1.3 0.14 1 0.23 1.1 
B6T2Y1 0.034 1.4 0.49 0.9 0.36 1.2 0.041 1.3 0.14 0.8 0.34 1.1 
O24413 0.5 0.9 0.2 0.8 0.061 0.8 0.75 1.1 0.59 0.9 0.64 0.9 
Q8W2B7 0.36 1 0.36 1 0.36 1 0.36 1 0.35 1 0.36 1 
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B6T7R3 0.36 1 0.36 1 0.36 1 0.36 1 0.36 1 0.36 1 
Q8LK07 0.36 1 0.36 1 0.36 1 0.36 1 0.36 1 0.36 1 
C0PFM8 0.36 1 0.36 1 0.36 1 0.36 1 0.37 1 0.36 1 
K7UGR2 0.031 1.3 0.47 1.1 0.37 1 0.18 1.1 0.11 1.1 0.34 1.1 
B6T3P9 0.002 1.7 0.44 1.1 0.14 0.8 0.3 1.2 0.17 0.8 0.27 1.3 
B6TBW2 0.003 1.6 0.31 1.2 0.14 1.2 0.004 1.4 0.14 0.9 0.048 1.3 
P81009 0.36 1 0.36 1 0.36 1 0.36 1 0.46 1 0.36 1 
B4FNT1 0.000 2.1 0.27 1 0.0001 0.8 0.006 1.6 0.0001 0.8 0.0001 1.7 
B4F848 0.042 1.2 0.00012 2 0.18 1 0.055 1.1 0.18 1.1 0.36 1.1 
P21641 0.37 1.1 0.36 1 0.16 1.1 0.33 1.2 0.4 1 0.36 1 
B6SXH1 0.36 1 0.36 1 0.48 1.1 0.36 1 0.36 1 0.36 1 
B6T379 0.36 1 0.36 1 0.36 1 0.36 1 0.61 1 0.36 1 
B4FC92 0.44 1.2 0.025 0.6 0.43 0.9 0.52 0.8 0.55 1.2 0.57 1.2 
C0HHH9 0.017 1.4 0.041 1.5 0.074 0.9 0.05 1.4 0.4 1.1 0.27 1.3 
B4FD90 0.36 1 0.36 1 0.69 1 0.36 1 0.36 1 0.36 1 
B6SHX0 0.004 0.6 0.72 0.9 0.86 1 0.69 0.9 0.35 0.8 0.49 1.2 
B6SNM4 0.36 0.9 0.21 0.9 0.48 0.9 0.66 1.1 0.83 1 0.28 0.9 
B6SI37 0.051 0.6 0.86 1 0.32 1.4 0.83 1 0.015 0.5 0.032 2 
K7UV01 0.36 1.1 0.41 1.1 0.39 1.1 0.2 1.2 0.36 0.9 0.29 1.2 
B6SGU6 0.36 1 0.45 1 0.36 1 0.44 1.1 0.36 1 0.55 1 
B6T4Q3 0.14 1.1 0.36 1.1 0.36 1.1 0.17 1.1 1 1 0.22 1 
B6T0C0 0.36 1 0.024 1.5 0.69 1 0.36 1 0.36 1 0.36 1 
B4F861 0.36 1 0.92 1 0.36 1 0.36 1 0.0016 1.3 0.36 1 
B6TPK4 0.027 1.4 0.16 1.3 0.031 1.3 0.11 1.4 0.23 0.9 0.82 1 
B6TMB2 0.36 1.1 0.15 1 1 1 0.36 1 0.36 1 0.36 1 
B4FPA4 0.045 1.5 0.36 1 0.36 1 0.36 1 0.36 1 0.72 1 
B4FPJ2 0.29 1.2 0.3 1.1 0.32 0.9 0.13 1.2 0.67 0.9 0.5 1.2 
B6T8F6 0.36 0.8 0.66 0.9 0.36 0.8 0.82 1 0.36 0.8 0.88 1 
B6SKN3 0.36 1 0.36 1 0.36 1 0.98 1 0.36 1 0.36 1 
B4FHT1 0.048 1.5 0.28 1 0.089 1.1 0.00048 1.6 1 1 0.014 1.2 
B4FN24 0.74 1 0.012 1.6 0.24 0.9 0.53 1.1 0.24 0.9 0.47 1.1 
B6TLX2 0.21 1 0.27 1 0.36 1.1 1 1 0.36 1.1 0.36 1.1 
B6SNY0 0.3 1.3 0.84 1 0.085 0.8 0.58 0.9 0.43 0.9 0.88 1 
B4FDR7 0.59 1.1 0.015 1.5 0.81 1 0.25 1.2 0.029 0.9 0.13 1.5 
B6T4E6 0.36 1 0.036 1.6 0.99 1 0.36 1 0.36 1 0.36 1 
B4FZZ2 0.088 1.4 0.27 1.2 0.89 1 0.48 0.9 0.94 1 0.2 0.7 
B6SLF6 0.36 1 0.36 1 0.038 1.9 0.68 1 0.36 1 0.085 1.3 
P80639 0.075 1.4 0.31 0.9 0.84 1 0.84 1 0.062 1.2 0.37 1.1 
B6T5U0 0.36 1 0.36 1 0.9 1 0.39 1.2 0.36 1 0.53 1 
B6SIF0 0.093 1.3 0.17 1.3 0.38 0.9 0.55 0.9 0.86 1 0.55 1.1 
P27347 0.14 1.7 0.16 1.6 0.18 1.3 0.21 1.3 0.29 0.8 0.17 1.3 
B4G0K4 0.14 1.3 0.52 0.9 0.28 0.9 0.96 1 0.02 1.7 0.54 0.9 
B6TL91 0.0085 1.8 0.023 1.5 0.013 1.5 0.03 1.6 0.28 0.8 0.015 1.6 
B4FAL9 0.051 1.1 0.045 1.4 1 1 1 1 0.36 1 0.17 1.1 
P00761 0.035 1.6 0.11 1.7 0.69 1 0.21 1.2 0.15 1.1 0.25 1.2 
C4J9Y2 0.016 1.9 0.36 1 0.22 1.2 0.13 1.5 0.01 1.1 0.35 1.5 
B6TC92 0.006 1.2 1 1 1 1 0.36 1 0.36 1 0.36 1 
B6TN41 0.21 1.2 0.018 1.6 0.36 1.1 0.36 1.1 1 1 0.36 1 
B6T191 0.017 1.4 0.36 1 0.037 1.7 0.21 1.4 0.36 1 0.031 1.8 
B4FFH8 0.15 1.3 0.39 1.3 0.74 1 0.27 1.2 0.13 1.3 0.35 1.2 
B4FNZ2 0.16 1.2 0.12 1.5 0.15 1.5 0.36 1 1 1 0.25 1.1 
B4FL17 0.49 1.5 0.28 0.8 0.35 0.9 0.75 1.1 0.33 1.2 0.58 1.1 
P00840 0.36 1 0.5 1.1 0.36 1 0.61 1.1 0.62 1 0.44 1.3 
B4FK49 0.11 1.5 0.00022 2 0.16 1.1 0.28 1.2 0.026 1.3 0.15 1.6 
B6TL20 0.12 1.3 0.53 1.1 0.14 1.2 0.82 1 0.053 1.4 0.79 1 
??
?
179 
B6UGZ3 0.000 2 0.13 1.2 0.044 1.5 0.67 1 0.13 1.1 0.3 1.4 
B4FSM5 0.36 1.1 0.0044 1.6 1 1 0.054 1.2 1 1 0.17 1 
B6UH16 0.83 1 0.64 1.1 0.1 0.6 0.95 1 0.67 0.9 0.6 1.1 
B4FVX5 0.076 0.8 0.57 1.1 0.61 1.1 0.66 1.2 0.96 1 0.25 1.2 
B6SM71 0.99 1 0.29 1.2 0.78 1 0.43 0.9 0.36 0.9 0.26 1.5 
B6U772 0.36 1 0.15 1.3 0.36 1 0.36 1.1 1 1 1 1 
B6TF18 0.36 1.1 1 1 0.36 1 0.36 1 1 1 0.36 1.1 
B4FFL1 0.12 1.3 0.58 1.1 0.0095 1.5 0.17 1.5 0.4 1.1 0.17 1.7 
B6TIK3 0.002 2.1 0.36 1.1 0.022 1.3 0.32 1.1 1 1 0.36 1 
B6SQB3 0.36 1 0.36 1.1 0.36 1.1 1 1 1 1 0.3 1.1 
Q5XLE1 0.36 1.1 0.0028 1.3 0.36 1.1 0.36 1.1 1 1 1 1 
C0P2V1 0.29 1.2 0.14 1.2 1 1 0.052 1.4 1 1 0.36 1.1 
B6SLM7 0.36 1.1 0.19 1.4 0.36 1.3 0.36 1.2 1 1 0.29 1.2 
B4FPA1 0.28 1.1 1 1 0.36 1.1 1 1 0.36 1.1 0.36 1.1 
B6TP60 0.000 2 0.0024 1.8 0.059 1.2 0.0022 1.9 0.33 0.9 0.012 1.6 
B4FQQ1 0.21 1.3 0.14 1.3 0.48 1.1 0.9 1 0.45 1.1 0.026 1.9 
B6SPL7 0.36 1.3 0.61 1.2 0.54 0.9 0.77 1.1 0.11 1.3 0.65 1.1 
B6SJ07 1 1 0.17 1.1 1 1 0.36 1.1 1 1 0.21 1 
Q6JAH6 0.36 1 1 1 0.36 1 1 1 1 1 0.13 1.1 
B6UI10 0.0046 1.5 0.18 1.2 0.89 1 0.17 1.2 0.013 0.7 0.0001 3.1 
P19656 0.99 1 0.9 1 0.38 1.1 0.58 1.1 0.0058 1.4 0.0051 1.5 
B4F832 0.91 1 0.55 1.4 0.063 0.7 0.86 1 0.0001 1.7 0.59 1.2 
B6TVI1 0.19 1.1 1 1 0.36 1 0.36 1 1 1 1 1 
B4FS99 0.0053 1.8 0.0057 1.9 0.0061 1.9 0.082 1.4 0.36 0.9 0.064 1.6 
B6TTP4 1 1 1 1 0.13 1.1 0.36 1.1 1 1 0.36 1 
B6SIA2 1 1 1 1 1 1 0.36 1 0.14 1.1 0.36 1.1 
B6TI78 1 1 0.14 1.2 1 1 0.36 1 1 1 0.36 1 
O81638 0.15 1.4 1 1 0.36 1.4 0.36 1 1 1 0.36 1.1 
B4FGM4 0.36 1 1 1 0.36 1.1 1 1 1 1 0.24 1.1 
B4F8M8 0.36 1 0.36 1.1 1 1 0.36 1 1 1 1 1 
B4FIZ5 0.36 1 0.36 1.1 0.36 1 1 1 1 1 1 1 
B4F9K4 1 1 0.16 1.2 0.26 1.3 0.14 1.4 1 1 0.29 1.5 
B1PEY4 0.36 1.1 0.36 1.1 0.36 1 1 1 1 1 1 1 
B6TAJ3 1 1 0.36 1.1 1 1 0.36 1 1 1 0.36 1.1 
Q9FYS5 0.056 1.5 0.0001 2 0.18 1.1 1 1 1 1 0.065 1.4 
B6SNL8 0.62 0.9 0.7 1.1 0.33 1.3 0.16 1.8 0.66 0.9 0.96 1 
B6T5R2 0.11 1.2 1 1 1 1 0.15 1 1 1 1 1 
B6THA1 0.000 2.5 0.0016 1.9 0.23 1.2 0.14 1.6 0.52 0.9 0.052 1.5 
C5YDE5 0.14 1 1 1 0.36 1.1 1 1 1 1 1 1 
B4FCV1 1 1 1 1 0.36 1 0.14 1.1 1 1 1 1 
K7TQC8 1 1 1 1 0.056 1.1 0.36 1.1 1 1 1 1 
B4F8B8 0.36 1 0.16 1.1 1 1 1 1 1 1 1 1 
B6TI69 0.36 1 1 1 1 1 1 1 1 1 0.17 1.1 
Q5EUD5 0.36 1.1 1 1 0.12 1.1 1 1 1 1 1 1 
C0PC62 1 1 1 1 1 1 0.36 1 1 1 0.36 1 
B4FST4 1 1 1 1 0.36 1 1 1 1 1 0.36 1 
B8A2I6 0.36 1 1 1 1 1 0.36 1 1 1 1 1 
B6TJH7 1 1 0.36 1 0.36 1 1 1 1 1 1 1 
B4FCK9 1 1 1 1 1 1 0.36 1 0.36 1 1 1 
P06677 1 1 0.36 1 1 1 0.23 1.2 1 1 1 1 
P13689 1 1 0.34 1.1 1 1 1 1 0.36 1 1 1 
B4F845 1 1 0.28 1.1 0.025 1.4 1 1 1 1 1 1 
I2EBS7 1 1 0.35 1.1 1 1 1 1 0.26 1.1 1 1 
P49105 0.007 2.1 0.00022 1.8 0.0022 1.6 0.0057 1.9 0.7 1 0.00061 1.7 
B4FTC9 1 1 0.36 1 1 1 1 1 1 1 0.36 1.1 
??
?
180 
B4FNC9 1 1 1 1 1 1 0.36 1 1 1 0.36 1.1 
B4FU14 1 1 0.36 1 1 1 1 1 1 1 0.36 1.1 
B6SN61 1 1 1 1 1 1 0.36 1 1 1 0.36 1.1 
B6U1W8 1 1 0.36 1 1 1 1 1 0.36 1.1 1 1 
K7V7A8 1 1 1 1 1 1 0.36 1.1 1 1 0.36 1 
B4FY73 1 1 0.36 1 1 1 0.36 1.1 1 1 1 1 
B6TCT3 1 1 1 1 1 1 0.36 1.1 1 1 0.36 1 
O22655 1 1 0.086 1.3 1 1 0.36 1.1 1 1 1 1 
B4FRC6 0.36 1 0.21 1.3 1 1 1 1 1 1 1 1 
B6SRE7 1 1 0.034 1.5 1 1 0.36 1 1 1 1 1 
B6SHX4 0.36 1.1 1 1 1 1 0.36 1.1 1 1 1 1 
P52855 1 1 0.36 1.1 1 1 1 1 1 1 0.36 1.1 
Q38JE3 1 1 0.36 1.1 1 1 1 1 1 1 0.36 1.1 
B6T7W2 1 1 0.36 1.2 1 1 0.36 1 1 1 1 1 
B6SMX5 0.015 1.7 0.13 0.6 0.39 1.3 0.91 1 0.083 0.6 0.00018 4.3 
A5A5E7 1 1 1 1 1 1 1 1 0.18 1 1 1 
B6SJS8 0.71 0.9 0.4 1.3 0.58 1.1 0.48 0.8 0.0011 3 0.72 1.2 
B6SP11 1 1 0.026 1.5 1 1 1 1 0.081 1.6 1 1 
B6TLW3 1 1 1 1 1 1 1 1 0.11 1.1 1 1 
Q08062 1 1 1 1 1 1 1 1 0.12 1.1 1 1 
B4FG22 1 1 1 1 1 1 0.22 1 1 1 1 1 
Q43249 1 1 0.13 1.1 1 1 1 1 1 1 1 1 
C0HF77 1 1 0.0023 2 1 1 1 1 0.13 1.1 1 1 
B4FFZ6 1 1 1 1 1 1 1 1 0.16 1.1 1 1 
B6SJF5 1 1 1 1 1 1 1 1 0.16 1.1 1 1 
K7UUR4 1 1 0.17 1.1 1 1 1 1 1 1 1 1 
C0HEB9 1 1 0.18 1.1 1 1 1 1 1 1 1 1 
C0PP27 1 1 0.28 1 1 1 1 1 1 1 1 1 
B6TXN0 1 1 0.29 1 1 1 1 1 1 1 1 1 
B4FB06 1 1 1 1 1 1 1 1 0.2 1.1 1 1 
O48556 1 1 1 1 1 1 1 1 0.22 1.1 1 1 
B6U2K4 1 1 1 1 1 1 1 1 0.13 1.2 1 1 
C0HHC4 0.000 2.4 0.0082 2.4 0.077 1.4 0.041 1.7 0.012 1.3 0.0056 2 
B6UAQ7 1 1 1 1 1 1 1 1 0.15 1.2 1 1 
K7VM99 1 1 1 1 0.16 1.2 1 1 1 1 1 1 
C0HHU2 1 1 1 1 1 1 1 1 1 1 0.36 1 
Q43298 1 1 0.36 1 1 1 1 1 1 1 1 1 
B4FZN6 1 1 1 1 1 1 1 1 1 1 0.36 1 
B4FWR7 1 1 1 1 1 1 0.36 1 1 1 1 1 
B4G286 1 1 1 1 1 1 0.36 1 1 1 1 1 
K7TNK3 1 1 0.36 1 1 1 1 1 1 1 1 1 
Q71RX2 1 1 0.36 1 1 1 1 1 1 1 1 1 
C4J4E4 1 1 1 1 1 1 1 1 1 1 0.36 1 
B4FK84 1 1 0.36 1 1 1 1 1 1 1 1 1 
B6TXS9 1 1 1 1 1 1 1 1 1 1 0.36 1 
B6T3D4 1 1 1 1 1 1 1 1 0.36 1 1 1 
B4FN06 1 1 1 1 1 1 1 1 1 1 0.36 1 
B4G1C1 1 1 1 1 1 1 1 1 0.36 1 1 1 
B6T1R4 1 1 1 1 1 1 1 1 0.36 1 1 1 
B6TE61 1 1 1 1 1 1 1 1 0.36 1 1 1 
B6TRK2 1 1 1 1 1 1 1 1 1 1 0.36 1 
C0PAG2 0.36 1 1 1 1 1 1 1 1 1 1 1 
B6T5R1 0.36 1 1 1 1 1 1 1 1 1 1 1 
C0HI51 1 1 0.36 1 1 1 1 1 1 1 1 1 
Q946V8 1 1 0.36 1 1 1 1 1 1 1 1 1 
??
?
181 
B4FHZ4 1 1 1 1 0.36 1 1 1 1 1 1 1 
B4FSC2 1 1 0.36 1 1 1 1 1 1 1 1 1 
B6SZZ7 1 1 1 1 0.36 1 1 1 1 1 1 1 
B6T3S1 0.36 1 1 1 1 1 1 1 1 1 1 1 
B4FBD6 1 1 1 1 1 1 1 1 0.36 1 1 1 
B4G1C2 1 1 0.36 1 1 1 1 1 1 1 1 1 
B6SJN4 1 1 0.36 1 1 1 1 1 1 1 1 1 
B6TDH3 1 1 1 1 0.36 1 1 1 1 1 1 1 
B6TFC8 0.36 1 1 1 1 1 1 1 1 1 1 1 
B6TEC1 0.001 1.6 0.83 1 0.52 0.9 0.35 1.3 0.87 1 0.15 2.9 
K7UML9 1 1 1 1 1 1 1 1 0.13 1.3 1 1 
K7UEJ7 1 1 1 1 1 1 1 1 1 1 0.36 1.1 
B6UI69 1 1 1 1 1 1 1 1 1 1 0.36 1.1 
B6SI41 1 1 1 1 1 1 1 1 1 1 0.36 1.1 
B6SYW6 1 1 1 1 1 1 1 1 1 1 0.36 1.1 
B6TP19 1 1 1 1 1 1 1 1 0.36 1.1 1 1 
B6TFN1 0.36 1.1 1 1 1 1 1 1 1 1 1 1 
Q9FQA9 0.36 1.1 1 1 1 1 1 1 1 1 1 1 
B6SGF3 1 1 0.36 1.1 1 1 1 1 1 1 1 1 
B6TNW4 1 1 0.36 1.1 1 1 1 1 1 1 1 1 
Q5I204 1 1 1 1 0.36 1.1 1 1 1 1 1 1 
B6SIV4 1 1 1 1 1 1 0.36 1.1 1 1 1 1 
B6SJR3 1 1 1 1 1 1 0.36 1.1 1 1 1 1 
Q6JB10 1 1 1 1 1 1 0.36 1.1 1 1 1 1 
B6SMY5 1 1 0.3 1.2 1 1 1 1 1 1 1 1 
B4FIR2 0.36 1.3 0.36 1.5 1 1 1 1 1 1 1 1 
B6UB43 1 1 1 1 1 1 1 1 1 1 0.24 1.3 
B6SIP3 1 1 0.14 1.1 1 1 1 1 0.013 2.4 1 1 
B4G1G1 1 1 1 1 1 1 1 1 1 1 0.36 1.3 
B4FY74 1 1 1 1 1 1 0.36 1.3 1 1 1 1 
B6T8E4 1 1 1 1 0.0027 2.4 0.13 1.2 1 1 1 1 
B8A1C7 1 1 0.038 1.7 1 1 1 1 1 1 1 1 
B6TTW1 0.24 1.6 0.18 2.1 0.023 2.5 0.064 1.8 0.36 0.9 0.0087 2.1 
B4G218 1 1 0.0001 2.1 1 1 1 1 1 1 1 1 
K7U1M0 1 1 0.0001 2.5 1 1 1 1 1 1 1 1 
Q947C0 1 1 1 1 1 1 1 1 0.0001 2.6 1 1 
Q9SYS1 1 1 0.0001 3.5 1 1 1 1 0.14 1 1 1 
C0PHR4 0.004 2.2 0.026 3.1 0.11 1.7 0.11 1.9 0.64 0.9 0.12 2.1 
Q6T5M1 0.36 1.2 0.0041 2.6 1 1 1 1 0.0087 3.1 1 1 
Q00LN5 1 1 1 1 1 1 0.0027 7.4 1 1 1 1 
Note: Proteins with p-values and fold-change equal to 1 across all mutants were filtered out of 
this list. 
